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ABSTRACT 

We have assembled the largest sample of ultra hard X-ray selected (14-195 keV) AGN with host 
galaxy optical data to date, with 185 nearby (z<0.05), moderate luminosity AGN from the Swift 
BAT sample. The BAT AGN host galaxies have intermediate optical colors (u — r and g — r) that 
are bluer than a comparison sample of inactive galaxies and optically selected AGN from the Sloan 
Digital Sky Survey (SDSS) which are chosen to have the same stellar mass. Based on morphological 
classifications from the RC3 and the Galaxy Zoo, the bluer colors of BAT AGN are mainly due to a 
higher fraction of mergers and massive spirals than in the comparison samples. BAT AGN in massive 
galaxies (log M*>10.5) have a 5 to 10 times higher rate of spiral morphologies than in SDSS AGN 
or inactive galaxies. We also see enhanced far-IR emission in BAT AGN suggestive of higher levels 
of star formation compared to the comparison samples. BAT AGN are preferentially found in the 
most massive host galaxies with high concentration indexes indicative of large bulge-to-disk ratios and 
large supermassive black holes. The narrow-line (NL) BAT AGN have similar intrinsic luminosities as 
the SDSS NL Seyferts based on measurements of [O III] A5007. There is also a correlation between 
the stellar mass and X-ray emission. The BAT AGN in mergers have bluer colors and greater ultra 
hard X-ray emission compared to the BAT sample as whole. In agreement with the Unified Model of 
AGN, and the relatively unbiased nature of the BAT sources, the host galaxy colors and morphologies 
are independent of measures of obscuration such as X-ray column density or Seyfert type. The 
high fraction of massive spiral galaxies and galaxy mergers in BAT AGN suggest that host galaxy 
morphology is related to the activation and fueling of local AGN. 

Subject headings: galaxies: active — X-rays: interactions — X-rays: galaxies 


1. INTRODUCTION 

Most galaxies with bulges ha rbor a s u perm assive black 
hole in their center (iMaeorrian et al.l 11998( 1 . yet only a 
small fraction exhibit the powerful radiative or kinetic 
output associated with an active galactic nucleus (AGN). 
While it is well established that matter falling onto the 
supermassive black hole is emitted as energy, the source 
of this material remains highly controversial. To under- 
stand what activates and continues to fuel AGN, we must 
better characterize the conditions of the host galaxies in 
which they are found. What environmental factors trig- 
ger these black holes to begin emitting so much energy 
and what continues to fuel this process? 

Numerical simulations suggest that quasars (Lb o i>10 45 
erg s _1 ) are the end product of mergers between gas-rich 
disk galaxies, and that supermassive black hole accretion 
heats the interstellar material and quenc hes star forma- 
tion l eading to passive elliptical galaxies (Idi Matteo et al.l 
2005). Alternatively, other simulations suggest sources 
other than mergers may fuel lower luminosity AGN, such 
as gas st reaming down galactic b ars or steady col d gas 
streams dMulchaev fc Reganll 19971 fHopkins & Hernquistl 
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A number of observational studies have provided in- 
teresting yet contradictory results about the relationship 
between the host galaxy and the AGN. A study of the 
host galaxies of X-ray selected AGN from the Extended 
Chandra Deep Field- South found that AGN are in the 
most luminous galaxies, with intermed iate optica l _col- 
ors, a nd bulge dominated morphologies dSilverman et all 
2008) . Another study of narrow emission line (NL) AGN 
in the Sloan Digital Sky Survey (SDSS) found the hosts 
were predominantly massive early-type galaxies and the 
most lu minous AGN galaxies h ad significant star for- 
mation fkauffman n et all [20031. An additional survey 
of the SDSS NL AGN host galaxies found, compared 
to a sample of nearby inactive^ gala xies , m ost AGN oc- 
cur along the red sequence (IWestobv et al.ll2007f ). Even 
though these studies draw their conclusions from large 
optical surveys or soft X-ray surveys, their results may be 
biased by missing an important population of obscured 
AGN. 

A less biased survey of AGN must account for absorp- 
tion of light by gas and dust. In addition, the survey 
must distinguish between host galaxy emission primar- 
ily from stars and emission from AGN. Historically, an 
inability to account for these factors provided different 
results depending upon the wavelength used for observa- 
tion. Initially, AGN were selected by radio techniques 
( Heckman 1980 ) or optically using broad and strong 
emission lines, a luminous point-like nucleus, or irregular 
galaxy color (I Weedmanll 1 9771) . The presence of broad op- 
tical emission lines was used to separate Seyfert 1 galax- 
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ies with broad permitted and narrow forbidden lines and 
Seyfert 2 galaxies with only narrow permitted and for- 
bidden line emission. In the unified model (Antonucci 
1993) both broad line Seyfert 1 galaxies and obscured 
Seyfert 2 galaxies are intrinsically the same, with the 
differences being the viewing of the central engine. Sur- 
veys of AGN taken in the optical, UV, and soft X-rays 
(< 2 keV) miss an important population of obscured nar- 
row line AGN only visible in the ultra hard X-ray an d 
mid-IR wavelengths (|Mushotzkvll2004 iKoss et al.ll2011j h 
While the mid-IR wavelength is less obscured, this wave- 
length range is problematic because of confusion with 
emission from star formation, sensitivity to the amount 
of obscuring material, and the lack of a uniq ue way to 
select AGN from other lu minous IR galaxies dStern et al.1 
1 20051 iHickox et, all 120091 ). Therefore, the ultra hard X- 
ray, >15 keV range offers an important new way to select 
AGN for a less biased survey. 

The BAT survey is an all sky survey in the ultra hard 
X-ray ran ge that has id entified 461 objects of which 262 
are AGN ilTueller et al.ll20loh . The BAT instrument is a 
large field of view (1.4 steradian) coded aperture imag- 
ing instrument. Because of the large position error of 
BAT (« 2') higher angular resolution X-ray data for ev- 
ery source from Swift-XRT or archival data have been 
obtained allowing associations with 97% of BAT sources. 
This sample is particularly powerful since the BAT is sen- 
sitive in the 14-195 keV band and at obscuring columns 
of >10 24 cm~ 2 where only high-energy X-ray emission 
(tens of keV) can pass through the obscuring material. 
It is therefore sensitive to heavily obscured objects where 
even hard X-ray surveys (L 2 _io kev) are severely reduced 
in sensitivity. At 22 monthfi the BAT survey has a sen- 
sitivity of approximately 2.2 x 10” 11 erg cm~ 2 s _1 . With 
this sensitivity, the BAT survey is about 10 times more 
sensitive than the previ ous all-sky ultra hard X-ray sur- 
vey, HEAO 1 (jLevine et al.ltl984f ). About 15%, or 30 of 
the AGN, have never before been detected as AGN at 
other wavelengths. 

While AGN host galaxy studies using X-ray surveys 
typically probe objects at moderate redshift (out to z«l), 
more nearby (z<0.05) AGN offer the best opportunity to 
study the host in detail since high spatial resolution data 
are easily obtainable. The majority of the BAT AGN are 
nearby with a median redshift of 0.03. Thus, a study of 
the BAT AGN sample provides an excellent opportunity 
to answer the controversial question of AGN fueling and 
its relationship to the host galaxy. 

The BAT AGN sample have already provided several 
interesting results about their host galaxies. One study 
found that BAT AGN show a merger r ate of 24% com - 
pared to only 1% in normal galaxies (IKoss et al.ll2010f) . 
A study of the morphologies based on NED classifica- 
tions and DSS imaging found _a majority to be in spirals 
or peculiars (jWinter et all l2009li . Other studies found 
that BAT AGN have been shown to have additional red- 
dening of the narrow line region not accounted for in 
optical studies and be misclassif i ed as star forming or 
comp osite regions dWinter et al.l 120101 iMelendez et al.l 
l2008h . In the case of host galaxy colors, two stud- 
ies using <20 BAT AG N reached different conclusions: 
iSchawinski et al.l (|2009[ ) found that the AGN tend to 
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be in intermediate o r red g ala xies a nd possi bly suppress 
star formation, while [Vasudevan et al.l (|2009l) found BAT 
AGN in blue, starforming galaxies. This contradiction 
highlights a major problem in current AGN host galaxy 
studies: the paucity of large, uniform samples with high 
quality data. To make progress on this issue, we have as- 
sembled the largest sample of ultra hard X-ray selected 
AGN with host galaxy optical data to date, with 185 
AGN in total. The BAT AGN and comparison samples 
are discussed in §2; data reduction and analysis in §3 
with additional discussion of removal of AGN light in 
appendix §A, the comparison sample in §B, and selec- 
tion effects in appendix §C; the results in §4; and the 
summary and discussion in §5. 

2. SAMPLES 
2.1. BAT AGN Sample 

We selected our sample to focus on Seyfert AGN in the 
BAT sample which contribute the large majority, 87% of 
the total sample, and 99% of the ne arby, z <0.05 sample. 
We use the classifications of [Tueller et ah. ( 201 0) to ex- 
clude beamed sources such as blazars. We also restrict 
the sample to nearby AGN (z<0.05) which includes 80% 
of the BAT sample. These AGN can be further classified 
on the basis of broad or narrow emission lines. We de- 
fine NL AGN as having Ha<2000 km / sec using spectro - 
scopic data from iWinter et al.1 (|2010t h IHo et al.l (|1997lh 
and the SDSS. For those BAT galaxies without spectra, 
we use the SDSS galaxy class separator or available data 
from NED to separate NL and broad-line objects. The 
BAT sample has 50% (93/185) NL and 50% (92/185) 
broad-line sources. In addition to including the entire 
range from unobscured to highly obscured, the AGN have 
moderate luminosities (log L2_iokeV~43), and therefore 
accretion rates, typical of the local universe. 

By imposing an upper redshift limit (z<0.05) to the 
sample, we focus on galaxies that are close enough to 
have good spatial resolution (700 pc) from ground-based 
optical imaging. We further restrict our survey to North- 
ern declinations (>-25°). We also exclude six nearby 
galaxies with bright foreground Galactic stars where pho- 
tometry is difficult and three nearby bright galaxies with 
saturated pixels. This survey covers 125 nearby AGN 
or 50% of the entire BAT AGN sample from the 22 
month survey. We also included an additional 60 AGN 
galaxies detected in the 58 month BAT sample catalog 
(Baumgartner et al. 2010, submitted) with X-ray fol- 
lowup with the Swift XRT telescope that showed a coin- 
cident source to the 14-195 keV BAT source in the 2 10 
keV band. 

The optical imaging data for these galaxies include 17 
nights at the Kitt Peak 2.1m telescope in the ugriz SDSS 
bands (Table [I]) and data from the SDSS (Tabled. The 
final Kitt Peak and SDSS sample includes a total of 185 
galaxies, 79 BAT AGN host galaxies observed at Kitt 
Peak, 92 from the SDSS, and 14 galaxies observed by 
both the SDSS and at Kitt Peak. 

2.2. Comparison Samples 

To better understand the host galaxy properties of 
BAT AGN, we used a comparison sample of inactive 
galaxies and a sample of emission line selected AGN from 
the SDSS. We will henceforth refer to the three samples 
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as the BAT AGN, inactive galaxies , and SDSS AGN , re- 
spectively. 

The inactive galaxies were selected from the SDSS to 
have high quality photometry and similar redshifts as 
the BAT AGN. We selected all non-QSO galaxies from 
the SDSS DR7 with spectra and imaging data with red- 
shift confidence, z con f>0.9 and a redshift interval sim- 
ilar to the BAT AGN (0.01<z<0.07). We chose this 
slightly higher redshift interval because many of the 
SDSS galaxies with z<0.01 are too bright to be tar- 
geted in spectroscopy. We also removed NL Seyfert or 
LINER AGN from this sam ple using emission line diag- 
nostics dKewlev et al.ll200Gt) and the G arching catalog of 
reduc ed spectra of narrow line AGN (iKauffman n et all 
I2003T) . Galaxies totaled 68,275. We will refer to this 
sample as the inactive galaxy sample. 

Finally, we used a sample of emission line selected AGN 
in the SDSS f or compari s on, w hich we refer to as the 
SDSS AGA. IWinter et al.l (l2010il found that the majority 
(75%) of a sample of 64 BAT AGNs were Seyferts. Only 
3/64 (<5%) of BAT AGN were classified as LINERS, 
so we excluded this type of AGN from the comparison 
sample. We chose narrow-line AGN since the nucleus 
is invisible in the optical band and thus does not have 
to be modeled to determine the host galaxy properties. 
We therefore chose a sample of all type 2 Seyferts in the 
SDSS DR7 with 0.01<z<0.07. We used 1282 Seyferts in 
this redshift range. 

To ensure that the BAT AGN were not more intrinsi- 
cally luminous than the SDSS AGN sample of Seyferts, 
we compared the [O III] of the BAT AGN with available 
spectra to the SDSS AGN (Fig. [TJ. When measuring 
[O III], we used the narrow Balmer line ratio (Ha/H/l) 
to correct f or extinction a s sumin g an intrinsic ratio of 
3.1 and the iGardelli et al.l (119891 ) reddening curve. For 
reference we also included LINERS in the SDSS. For the 
BAT AGN we used spec troscopic data from lWinter et all 
lIMHl . IHo et all (ll997l). and the Garching Catalog of 
SDSS spectra iKauffmann et al.1 (120031) . We find that the 
BAT AGN have similar [O III] luminosities as the SDSS 
NL Seyferts, suggesting that they also have similar intrin- 
sic luminosities (although there may still be differences, 
see §5). We find a similar relation when only includ- 
ing sources with SP SS spectroscopy and exclu ding spec- 
trosco pic data from iWinter et al.1 ([2010) and IHo et al.l 
(11991 . 

3. DATA ACQUISITION, REDUCTION, AND ANALYSIS 

Throughout this work, we adopt the following cosmo- 
logical parameters to determine distances: S2 m = 0.27, 
Qa= 0.73, and H 0 = 71 km s -1 Mpc -1 . For galaxies 
with z<0.01, we use the mean value of redshift indepen- 
dent measurements from NASA Extragalactic Database 
(NED) when available. Unless otherwise noted, error 
bars correspond to ler standard deviation of the sample. 

3.1. Data Acquisition 

The Kitt Peak sample was obtained in February 2008 
and November 2008 using the tlka, t2ka, and t2kb CCDs 
on the 2.1m telescope. A random sample of gri tricolor 
images that have been flux calibrated using the proce- 
dure of lLupton et al.1 (|2004T) are shown in Fig. [2] Each 
galaxy was imaged so that a high signal-to-noise ratio 



Figure 1. Average [O III] luminosities for the NL AGN in the 
BAT sample compared to the SDSS sample of narrow-line Seyferts 
and LINERS. The error bars indicate standard deviations in each 
bin. We find that the distributions of [O III] from the NL BAT 
AGN and NL SDSS Seyferts used in this study are from the same 
parent population (P(K-S)=82%). The [O III] luminosity is a mea- 
sure of AGN power and suggests the NL BAT AGN have similar 
AGN power as SDSS NL Seyferts. 



Figure 2. Random sample of 18 gri composite images of galaxies 
in the BAT AGN sample taken at Kitt P eak. An arcsi n h st retch 
was used with flux scaled by magnitudes ULupton et all [20041) . 

could be achieved to capture faint features and low sur- 
face brightness emission with 12 minutes in u and 6 min- 
utes in griz. The u images were obtained at twice the 
imaging time because of the higher sky brightness and 
lower signal-to-noise ratio in this band. Limiting mag- 
nitudes and observing conditions can be found in Table 

m 

3.2. Initial Calibration 

The initial imaging analysis involved calibration of zero 
point magnitudes, coadding SDSS plates for larger galax- 
ies, and removing extraneous sources (e.g. foreground 
stars, other galaxies). For calibration of the Kitt Peak 
data, we used the primary standard star network of 
1 58 s tars used by the SDSS for calibration (ISmith et all 
120021) . A calibration star was imaged before and after 
each galaxy at similar airmass. Extinction coefficients 
were determined using standard stars on a nightly ba- 
sis. Standard IRAF routines were used to remove bias, 
dark current, and CCD non-linearity. Galactic extinc- 
tion corrections were made based on data from IRAS and 
COBE/DIRBE (|Schlegel et alMfil . For 8 SDSS galax- 
ies extending across multiple SDSS plates, the MON- 
TAGE software was used to reproject the images, rec- 
tify background and coadd plates. WCSTools wa s used 
to register Kitt Peak images from USNO stars dMinkl 
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mu. Nearby foreground stars and galaxies were iden- 
tified using segmentation maps produced by SExtractor 
(jBertin fe A rnouts 1996). The segmentation map identi- 
fied object pixels using a threshold of 3a and a minimum 
of 5 pixels in griz. In the u band, the detection threshold 
was set to ler to ensure that faint star forming regions 
were detected. The segmentation map was visually com- 
pared to three color gri images to ensure proper star and 
galaxy separation. Stellar or foreground galaxy objects 
were masked with the IRAF FIXPIX routine. 

3.3. Host Galaxy Photometry 

The residual host galaxy colors were measured after 
removing the AGN light contribution using GALFIT. To 
ensure that the AGN emission was properly removed we 
performed simulations of AGN galaxies to test GALFIT 
and also checked the subtraction for BAT AGN (see Ap- 
pendix § A for a discussion) . A modified form of the Pet- 
rosian system, the same as is used in the_SDSS a uto- 
mate d pipeline, was used for photometry (|Blanton et al.l 
120011 ) for both the SDSS and Kitt Peak observed BAT 
AGN galaxies. The Petrosian aperture is determined 
to be large enough to enclose almost all of the flux for 
typical galaxy profiles, but small enough that the sky 
noise is not significant. For consistency, the Petrosian 
aperture is determined from the r band and applied to 
the other bands. A galaxy with a bright stellar nucleus, 
such as a broad-line Seyfert galaxy, can have a Petrosian 
radius set by the nucleus alone; in this case, the Pet- 
rosian flux misses most of the extended light. Therefore 
the Petrosian radius in the r band was determined af- 
ter the AGN model from GALFIT w as subtracted. We 
then used the software KCORRECT (jBlanton fc Rowelsl 
120011 ) with the ugriz photometry to calculate the stellar 
masses. This code uses t he stellar population models of 
Bruzual fc Chariot] (120031) and photoionization models of 
Kewlev et al.1 (l200lh . We used the same software to cal- 
culate the stellar mass for the inactive galaxy and SDSS 
AGN control samples. 

We also made a comparison of the overlapping galaxy 
data from the SDSS and Kitt Peak to ensure there were 
no systematic differences in photometry. In some cases, 
the automated SDSS pipeline’s photometry shreds bright 
galaxies into many smaller galaxies which leads to in- 
correct photometry estimates for bright, nearby galaxies 
(see Appendix §B). For cases where shredding wasn’t a 
problem, the colors of overlapping galaxies observed at 
Kitt Peak and in the SDSS showed good agreement in 
griz with mean color differences less than 0.02 mag and 
sample standard deviation less than 0.05 mag. The u 
band is more uncertain with mean (zt — g)= 0.05 ± 0.16 
mag brighter for the Kitt Peak measurements. This dif- 
ference is expected because the u band measurements 
in the SDSS have a lower signal-to-noise ratio and also 
suffer from a red lealjj]. 

There were also ten nearby galaxies or 5% of the sam- 
ple with pixel saturation in the SDSS images because of 
a bright nucleus. For these galaxies we masked the sat- 
urated pixels and fit the remaining image with a point 
source (PS) and floating Sersic Index. We then used the 
model fit to recover the saturated pixels. We restricted 
using this method to those galaxies with saturation in a 
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single imaging band with <25 pixels saturated. This ex- 
cluded three very nearby galaxies (z<0.005; NGC 1068, 
NGC 4151, NGC 3998) with saturated pixels in multiple 
filters from the study. For five images of nearby galax- 
ies taken at Kitt Peak, the estimated Petrosian radius 
extended beyond the edge of the CCD. In these cases 
we used the maximum part of the image available to de- 
termine the photometry. In addition, 16 galaxies or 9% 
had very low signal-to-noise ratio measurements in the u 
band and were not included in the photometry. 

We have also provided a detailed discussion of the se- 
lection effects in the X-ray selected BAT sample of AGN, 
and the optically selected SDSS AGN and inactive galax- 
ies (see Appendix §B and C). These selection effects are 
also included to enable comparison with AGN surveys at 
other wavelengths and for comparison with high-z stud- 
ies. 

4. RESULTS 

4.1. Colors, Internal Extinction, and FIR emission 

Since host galaxy color traces star formation, a com- 
parison of BAT AGN host galaxy colors to a sample of 
inactive galaxies should show whether the AGN is linked 
to enhanced or suppressed star formation. A full listing 
of the photometry measurements of the different samples 
can be found in Table 0] A plot of g — r and u—r for BAT 
AGN, inactive galaxies, and optical AGN can be found in 
Fig. [3] We find that the BAT AGN are bluer in both g—r 
and u — r than the sample of inactive galaxies and SDSS 
AGN in all but the lowest stellar mass bin (Table [5]) . A 
Kolmogorov-Smirnov (K-S) test indicates a <1% proba- 
bility that the distribution of host galaxy colors for the 
BAT AGN are from the same parent distribution as the 
inactive galaxies or SDSS AGN. 

Host galaxy colors can be reddened in galaxies with 
high inclinations and large amounts of dust, so we mea- 
sure whether these corrections change our result that 
the BAT AGN tend to be bluer than inactive galaxies 
or SDSS AGN. Because of the relative uncertainty in 
these measurements, we do not apply individual redden- 
ing corrections on any plots, but estimate how redden- 
ing corrections effect the average colors of the samples. 
In Fig. [IJ we show tricolor images of the 6 reddest and 
bluest BAT AGN host galaxies in g — r. The predomi- 
nance of face-on spirals in the bluest sample and edge-on 
spirals in the reddest sample indicates th e need for red- 
dening correction based on inclination. iMasters et all 
(j2010f ) studied internal extinction of galaxies identified 
as spirals in Galaxy Zoo and provided corrections based 
on the measured inclination from the SDSS photometry. 
For the three samples, we find that the average extinc- 
tion for spiral galaxies is similar (0.04±0.03 in g — r), 
but because of the higher number of spirals in the BAT 
AGN sample compared to SDSS AGN or SDSS inactive 
galaxies (see §4.2), there is a larger extinction correction 
for the BAT AGN sample. 

There are galaxies that have high levels of star for- 
mation, but are reddened in the optical wavelengths be- 
cause of the presence of dust. For example, in the BAT 
AGN sample, the reddest galaxy in g — r is NGC 6240, 
a luminous infrared galaxy (LIRG) in a major merger, 
which shows a large amount of star formation in the far- 
IR. This indicates that dust can play a significant role 
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Figure 3. Plot of average Petrosian g — r and u — r for BAT AGN, inactive galaxies, and SDSS AGN. We find that the BAT AGN have 
bluer average colors than inactive galaxies or SDSS AGN in all but the lowest stellar mass bin. The error bars indicate standard deviations 
in each bin. 




Figure 4. Upper. Tricolor images of six bluest BAT AGN host 
galaxies in g — r. We find that these BAT AGN are predominantly 
in mergers and face on spirals. Lower : Tricolor images of six red- 
dest BAT AGN host galaxies in g — r. We find that 4/6 of these 
BAT AGN are in edge-on spirals that are reddened by internal ex- 
tinction. The predominance of face on spirals in the bluest galaxies 
and edge-on spirals in the reddest galaxies indicate the need for a 
reddening correction based on inclination. 


in reddening the optical light and hiding increased lev- 
els of star formation. Therefore, we estimate the total 
dust extinction (Ay) for each galaxy by fitting the host 
ugriz SEDs using FAST dKriek et all 120091 1 with single- 
burst stellar population models. We use stellar tem- 


plates from lBruzual fc Chariot! (12003 1 with the iCliabrierl 
(2003) initial mass funct ion and solar metallicity. We 
fit a lCalzetti et ahl (120001 1 dust extinction reddening law 
(Ay= 0-3). We assume that Ry=3.1, and therefore E(B- 
V)=Ay/3.1. We find that the reddening determined us- 
ing fits to the optical SED of BAT AGN (0.34±0.26 in 
g — r ) are on average larger than for comparable inactive 
galaxies (0.20±0.14) or SDSS AGN (0.21T0.13). There- 
fore, we do not find evidence that the bluer measured 
colors of BAT AGN, compared with those of inactive 
galaxies and SDSS AGN, can be explained as smaller 
dust reddening. In fact, reddening corrections make the 
BAT AGN even bluer than comparable SDSS AGN or 
inactive galaxies. We also find that the reddening cor- 
rections for host galaxy inclination are on average much 
smaller than dust reddening (0.04±0.03 vs. 0.34±0.26 in 
9 - r). 

The far-IR provides an additional tracer of star forma- 
tion that is less sensitive to reddening than shorter wave- 
lengths. The 90 /jm emission is a useful tracer of strong 
bursts of rece nt star formation and is less affected b y 
AGN emission dNetzer et alJ2007l iMullanev et al.ll20TTj) . 
We first looked at the rate of detection in AKARI in each 
of the samples in the same redshift range (0.01<z<0.05). 
In this redshift range, 54±5% (86/185) of BAT AGN are 
detected by AKARI at 90 /im, compared to only 4±1% 
of SDSS AGN, and 5±1% of inactive galaxies. The error 
bars represent lcr Poisson statistics. 

To ensure this difference was not an effect of the differ- 
ences in the distribution of stellar mass and redshift of 
the samples, we matched each BAT AGN to one inactive 
galaxy and one SDSS AGN based on redshift and stel- 
lar mass. We find a similar percentage for both inactive 
galaxies 7±3% (11/158) and SDSS AGN 3±2% (5/158) 
detected by AKARI. The error bars represent la Poisson 
statistics. 

While there is a possibility of AGN contamination in 
the 90 /im emission, the similar levels of AKARI detec- 
tions for the inactive galaxies and SDSS AGN indicate 
that this level of contamination is limited. In addition, 
the AGN contamination to the FIR should be similar for 
BAT and SDSS AGN since the [O III] luminosities are 
similar and [O III] is an indicator of bolometric luminos- 
ity. All of these results indicate that the BAT AGN are 
more luminous at 90 /im, which suggests enhanced star 
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formation among BAT AGN when compared to SDSS 
AGN and inactive galaxies. 

4.2. Host Galaxy Morphology 

We investigated galaxy morphology to find which en- 
vironments are most conducive to hosting an AGN and 
how ultra hard X-ray selected AGN are different than 
the SDSS AGN or inactive galaxies. A full listing of 
the morphological measurements can be found in Ta- 
ble 0 While we have limited our results to NL AGN 
because of the difficulty of subtracting the li ght distribu- 
tion to make morphological measurements ([Pierce et al.1 
Ml . we provide morphological measurements of broad- 
line AGN after AGN light subtraction with GALFIT in 
Tabic 0 

The first measure we compared was concentration. To 
enable comparison with the SDSS, the concentration in- 
dex is defined as the ratio of the radii containing 90 
and 50 per cent of the Petrosian r-band galaxy light 
C = i? 9 o/i? 5 o- A galaxy with a steep concentration pro- 
file, such as an elliptical, will show a relatively large value 
for the C, while galaxies with a more shallow light pro- 
file, such as spiral and irregular galaxies, will have a lower 
C . In addition, the concentration index is strongly cor- 
related with the galaxy’s bulge to total luminosity ratio 
as well as the supermassive black hole mass. A plot of 
concentration vs. stellar mass is shown in Fig.0for BAT 
AGN compared to inactive galaxies and SDSS AGN. We 
find that at low stellar mass (log M* < 10), BAT AGN 
tend to have higher concentrations than inactive galaxies 
or SDSS AGN indicative of stronger bulges or a larger 
fraction of elliptical galaxies. However, as shown below, 
the BAT AGN sample has a very low elliptical galaxy 
fraction. 

While C measurements are useful, they have been 
shown to be m ore closely relat ed to luminosity than 
morphology (|Gavazzi et al.1 [20001 1 . Since the human eye 
has consistently proven better than computational tech- 
niques at ide ntifyin g faint spiral structure in images 
(jLintott et al.ll2008h , we used a catalog of visual classifi- 
catio ns from the Galaxy Zoo project DR1 (jLintott, et al.1 
12008 ). Before morphological classification, we matched 
each NL BAT AGN to one inactive galaxy and one SDSS 
AGN by redshift and stellar mass. We then used the vi- 
sual classifications of morphology to divide host galaxies 
into elliptical, spiral, intermediate, and peculiar/merger. 
Each galaxy had on average 37 independent classifica- 
tions for a total of over 15,000 classifications for the 
3 samples. Elliptical or spiral galaxies were defined as 
galaxies in which on average >80% people selected this 
type. We define t he pe culia r /merger category following 
iPatton fc Atfieldl (120081 1 and lKoss et al.1 (120101 1 by requir- 
ing a projected separation of <30 kpc and a radial veloc- 
ity differences of less than 500 km/s between the sample 
galaxy and its possible companion. The remainder of 
galaxies we classify as intermediate. 

A comparison between the Galaxy Zoo classifications 
of the samples can be found in Fig. 0 We find that BAT 
AGN are more likely to be found in spiral morphologies 
at a rate (41%) roughly twice that of inactive galaxies 
(22%) or SDSS AGN (21%). We also find fewer BAT 
AGN in elliptical or intermediate types. We confirm that 
BAT AGN are more likely to be found in merging systems 
consistent with the result of lKoss et al.1 (12010T) . We see 




Figure 5. Upper Panel : Plot of concentration vs. stellar mass 
with contours showing inactive galaxies and points for the BAT 
AGN. The contour levels are plotted on a linear scale with each 
level representing 10% of the data (6875 inactive galaxies). A 
dashed line is shown at C=2.6 at the separation between early 
and late types. Lower Panel : Plot of average concentration index 
by stellar mass. We find that at low stellar mass (log M* < 10), 
BAT AGN tend to have higher concentrations than inactive galax- 
ies or SDSS AGN. The error bars indicate standard deviations in 
each bin. 

no statistically significant differences in the morphologies 
of inactive galaxies or SDSS AGN. 

In addition, we looked at the Hubble Types of the BAT 
AGN sample compared to the Third Reference Catalog of 
Bright Galaxies (RC3) to confirm our results with Galaxy 
Zoo. We used all galaxies in the RC3 in the same red- 
shift range as the BAT AGN. The RC3 is composed of 
bright galaxies with optical B mag<15.5 and size larger 
than 1'. This restriction excludes many faint galaxies 
or about 98% of the SDSS sample in the same redshift 
range. The BAT AGN sample has slightly higher optical 
luminosities than the RC3 (mean Ms = — 20.33±0.82 vs. 
Ms = — 20.03±1.03) and is at similar distances (mean 
z=0.025±0.01 vs. z=0.019±0.01 for the RC3). We find 
more BAT AGN in early type Sa-Sb spirals (40%) com- 
pared to the RC3 catalog (26%). We see fewer BAT AGN 
in ellipticals (3%) compared the RC3 catalog (16%). The 
larger number of spiral morphologies in the BAT AGN 
sample is consistent with our analysis of morphologies 
using Galaxy Zoo. 

Since spiral galaxies tend to be found in less massive 
systems than elliptical galaxies, we examined the rela- 
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Morphology 

Figure 6. Histogram of morphologies from the BAT AGN, inac- 
tive galaxies, and SDSS AGN. The morphologies were taken from 
measurements in the Galaxy Zoo DR1. The error bars represent 
la Poisson statistics. We find a higher incidence of spirals in the 
BAT AGN sample and less ellipticals and intermediates. We also 
find more merging/peculiar types in the BAT AGN sample. 



Figure 7. Ratio of the number of spiral to elliptical galaxy mor- 
phologies as a function of stellar mass (M»). Galaxy morphologies 
are taken from Galaxy Zoo. The error bars represent 1 <t Poisson 
statistics. We find that the BAT AGN have a much larger number 
of massive spirals (log M* >10.5) and very few ellipticals compared 
to inactive galaxies or optical AGN. 

tionship between morphology and stellar mass. For the 
BAT AGN in spirals, we find a higher average stellar 
mass (log M*=10.34±0.27) than in ellipticals and inter- 
mediates (log M*=10.07±0.42). A K-S test indicates a 
<4% the popul ations are the same. T his finding is in 
agreement with iSchawinski et al.l ( 2010 ) that found that 
optical AGN in elliptical systems tend to be in less mas- 
sive systems. We further investigated the predominance 
of massive spirals amongst BAT AGN by plotting the 
ratio of the number of spiral to elliptical galaxies by stel- 
lar mass (Fig. 0. For massive systems (log M* >10.5), 
we find that BAT AGN are found in spirals at a rate 
that is 5 to 10 times higher than optical AGN or inactive 
galaxies. 

We also examined the galaxy inclination. A study of 
SDSS galaxies by [Mailer et all (j2009l ) found that ellip- 
tical galaxies rarely have small axis ratios, and galaxies 
with b/a<0.55 are 90% disk galaxies. Therefore the axis 
ratio can be a reliable quantitative tracer of morphology. 
To enable comparison with the SDSS catalog, we used 
the galaxy axis ratio in the g band (b/a). The axis ra- 
tio (b/a) is determined from the major and minor axes 



Figure 8. Cumulative distribution of galaxy axis ratios in the 
r band (b/a) for the NL BAT AGN, inactive galaxies, and SDSS 
AGN. The axis ratio (b/a) is determined from the major and mi- 
nor axes derived from SDSS isophotal photometry. Randomly dis- 
tributed spirals with a cos 0 distribution of axis ratios is shown for 
reference. We find that more NL BAT AGN have b /a<0.55 than 
inactiv e galaxies and SDSS AGN. This limit is where [Mailer et al.l 
(120091 ) found almost 90% disk-like systems, and is consistent with 
increased incidence of spirals in NL BAT AGN compared to inac- 
tive galaxies and SDSS AGN. 

derived from SDSS isophotal photometry. A plot of axis 
ratios of the samples can be found in Fig. [5] For the 
axis ratios, we find a larger pe rcentage of N L BAT AGN 
have b/a<0.55 which is where [Mailer et ahl (120091) found 
almost 90% disk-like systems. This result is consistent 
with the increased incidence of spirals found by Galaxy 
Zoo for the BAT AGN. We find no difference between 
the axis ratios of the inactive galaxies or SDSS AGN. 

Previous studies have suggested that optical emission 
line classification of Seyfert galax ies m a y be missing a 
population of edge on galaxies dKirhakos fc Stehieill 199(1 
iSimcoe et al.liT99 7f). Since the NL BAT AGN are more 
likely to be in disk galaxies which have lower axis ratios, 
we separated the samples by morphology in Galaxy Zoo 
and then did a comparison of axis ratio. In this case we 
do not see any statistically significant difference in axis 
ratios between NL BAT AGN spirals compared to spirals 
in inactive galaxies or SDSS AGN. 

Finally, the SDSS catalog provides independent mea- 
surements of the fraction of early type galaxies from the 
photometry and spectroscopy. The SDSS spectroscopic 
parameter eClass classifies the spectral type of the galaxy 
using the principal component analysis technique, and 
the photometric parameter fracDev r measures the frac- 
tion of gal axy light that is fitted by a de Vaucouleurs law. 
Following iBernardi et al.l (120031 ) we define as early type 
galaxies those objects with eClass<0 from spectroscopy 
and fracDev r > 0.8 from photometry. In this compar- 
ison we only use NL BAT AGN with spectroscopy in 
the SDSS (185). We find a statistically smaller num- 
ber of NL BAT AGN in early type galaxies (39%±8), 
compared to inactive galaxies (61%±6) or SDSS AGN 
(56%±6). The error bars represent la Poisson statistics. 
These results are consistent with a spectroscopic study 
of 64 BAT AGN which found that the majority of NL 
BAT AGN have spectra consistent with late type galax- 
ies ba sed on measuremen ts of the stellar absorption in- 
dices dWinter et al.ll201Cil) . The percentage of BAT AGN 
galaxies classified as early type galaxies (39%±8) using 
SDSS spectroscopy is significantly larger than that based 




Figure 9. Histogram of u— r colors of BAT AGN in major mergers 
vs. BAT AGN that are not in major mergers. The error bars 
represent la Poisson statistics. The merging galaxies show a bluer 
distribution of colors than non-mergers. We find a similar trend in 
the g — r colors. 
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Figure 10. Average u — r color for different morphologies of BAT 
AGN. The error bars indicate standard deviations in color for each 
morphology. Galaxy morphologies were taken from Galaxy Zoo. 
We find spiral and merger morphologies are on average bluer than 
elliptical or intermediate morphologies. We find a similar trend in 
the g — r colors. 

on morphological measurements from the RC3 or galaxy 
zoo (3% and 10% respectively) . This is likely because the 
SDSS spectroscopy uses a 3" aperture and is measuring 
only the central bulge portion of the galaxy. 
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Figure 11. Plot of Petrosian g — r for BAT AGN spirals, inactive 
galaxy spirals, and SDSS AGN spirals. The error bars indicate 
standard deviations in each bin. We find a much smaller difference 
in colors of the three samples when we compare only galaxies with 
spiral morphologies. We find a similar trend in the u — r colors. 
This suggests that the higher incidence of spirals in the BAT AGN 
contributes to the bluer colors found when compared to the SDSS 
AGN or inactive galaxies. 



log M, (M 0 ) 


Figure 12. Petrosian g — r of BAT AGN (black dots and letters) 
and inactive galaxies (contours) plotted as a function of logarithm 
of the stellar mass (M*). The contour levels are plotted on a linear 
scale with each level representing 10% of the data (6875 inactive 
galaxies). In the BAT AGN sample, m, denotes a galaxy in a 
merger, s, a spiral morphology, i an intermediate morphology, and 
black dots denote ellipticals. We find a predominance of BAT AGN 
in blue, massive spirals and mergers in the regions outside of where 
most inactive galaxies lie. We find a similar trend in the u—r colors. 


4.3. Colors, Morphology, and Ultra Hard X-ray 
Emission 

Since we found BAT AGN host galaxies have a greater 
number of merger and spiral morphologies, an additional 
question is how this is related to host galaxy colors. To 
test this we used a sample o f BAT AGN in the process 
of mergers dKoss et al.l I2010D and did a comparison of 
their host galaxy colors compared to those BAT AGN not 
in mergers. A histogram of the merger and non-merger 
sample is shown in Fig. [9] When separated by color, 
we find the merging population showing bluer colors and 
hence increased levels _of star fo rmation. This finding 
is in agreement with IKoss et all ( 2010 1 which found a 
higher rate of specific star formation from the IRAS 60 
/jm fluxes for the merging BAT AGN. We also find that 
spiral morphologies have bluer average colors than ellip- 
tical or intermediate morphologies (Tig. flOl) . 

Since galaxies of different morphologies tend to have 


different colors, we examined the colors of spirals in the 
BAT AGN, inactive galaxy, and SDSS AGN samples to 
look for differences. In Fig. [11] we show a plot of the col- 
ors of galaxies classified as spirals in Galaxy Zoo. We find 
a much smaller difference in colors of the three samples 
when we compare only galaxies with spiral morphologies. 
This suggests that the higher incidence of spirals in the 
BAT AGN sample may largely account for the bluer host 
galaxy colors when compared to SDSS AGN or inactive 
galaxies. 

A plot showing the color of each BAT AGN and its 
morphology can be found in Fig. [12] We also show the 
inactive galaxy colors with contours. We find that the 
BAT AGN occupy a unique space in color, morphology, 
and stellar mass by tending to be in massive spirals and 
mergers that are bluer than massive ellipticals. 

In terms of ultra hard X-ray luminosity, we do not 
find a significant difference between ellipticals, interme- 
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Figure 13. Histogram of stellar masses (M*) of the BAT AGN 
sample compared to inactive galaxies and SDSS AGN. The error 
bars represent la Poisson statistics. The BAT AGN have signif- 
icantly higher average stellar masses (mean log M* =10.274=0.4) 
than inactive galaxies (9. 454=0.58) and slightly higher stellar aver- 
age stellar masses than SDSS AGN (10. 18d=0.28). 

diates, or spirals. However, we do find a larger mean ul- 
tra hard X-ray emission from BAT AGN in mergers (log 
Li 4 _i 95 keV =43.64±0.48) when compared to the non- 
merger sample (log Li 4 _ig. 5 keV =43.32±0.61. A K-S test 
indicates a <5% probability that the ultra hard X-ray 
emission from AGN in mergers is from the same popula- 
tion as the non-merger sample. 

4.4. Stellar Masses and Ultra Hard X-ray Emission 

We find that the BAT AGN host galaxies are predomi- 
nantly in the most luminous and massive of galaxies. The 
mean optical luminosity is higher for BAT AGN (M r of - 
21.41±0.82) compared to inactive galaxies (-19.84±1.03), 
and SDSS AGN (-20.95±0.69). The BAT AGN also 
have higher mean stellar mass (log M*=10.28±0.4) com- 
pared to inactive galaxies (9.46±0.58) and SDSS AGN 
(10.18±0.28). This suggests that the BAT AGN tend to 
be in more massive galaxies than the SDSS AGN or in- 
active galaxies. See Fig. [13] for a histogram of the stellar 
masses of the populations. A K-S test has <0.01% prob- 
ability that the BAT AGN stellar masses are from the 
same population as the inactive galaxies or SDSS AGN. 
We also confirm that SDSS A GN are in more massiv e 
galaxies than inactive galaxies feauffma nn et all [20031. 
We also fit a Schechter function and find that the loga- 
rithm of the characteristic stellar mass (M*) from the 
best fit is 10.28, 10.02, and 9.89 for the BAT AGN, 
SDSS AGN, and inactive galaxies in agreement with our 
findings that BAT AGN are more massive than inactive 
galaxies or SDSS AGN. 

We also find that the average hard X-ray luminosity 
increases with stellar mass fFig. fl4l) . The lowest quartile 
stellar mass has log Li 4 _i 95 keV = 43.07 ± 0.88 and the 
highest quartile stellar mass has log Li 4 _ig 5 k e v = 43.72± 
0.36. In the lowest stellar mass quartile 34% of sources 
have log Li 4 _ig 5 k e v <43 while in the highest stellar mass 
quartile none of the sources have log Li 4 _ig 5 k e v <43. A 
K-S test has <0.2% probability that the distributions 
of ultra hard X-ray luminosities are the same for the 
lowest quartile and highest quartile of stellar mass. In 
addition, for the average stellar masses, we find a linear 
correlation between log Li 4 _ig 5 k e v and log M* with a 
slope of 0.62±0.14 and a less than 2% probability that 


Figure 14. Plot of average ultra hard X-ray luminosity vs. stellar 
mass. Error bars represent the standard deviations in each bin. We 
find greater ultra hard X-ray emission for galaxies with larger stel- 
lar mass. A K-S test has <0.2% probability that the distributions 
of ultra hard X-ray luminosities are the same for the lowest quartile 
and highest quartile of stellar mass. In addition, for the average 
stellar masse, we find a correlation between log L].i_ , 95 k e v and 
log M* with a slope of 0.62±0.17 and a less than 2% probability 
that the values are uncorrelated. We have also plotted a line with 
a linear fit between stellar mass and ultra hard X-ray emission. 

the values are uncorrelated. 

4.5. Tests of Unification Model 

We also tested the Unified Model of Seyferts using the 
BAT sample. In this model, it is assumed that all AGN 
are the same types of objects so host galaxy properties 
such as color, star formation, and morphology should be 
independent of the Seyfert type or level of obscuration 
toward the central engine. 

We find that the host galaxy colors of narrow and 
broad-line AGN are the same in agreement with the uni- 
fication model. Both the g — r and u — r colors of broad- 
line AGN and NL AGN after GALFIT subtraction for 
AGN emission are very similar iFig. fl5l) . For broad- line 
AGN, the mean g — r is 0.66±0.15 and for NL, the mean 
g—r is 0.68±0.12 with P(K-S)=43% that the populations 
are the same. In u — r, the color for broad-line AGN is 
2.16±0.55 and NL AGN is 2.18T0.61 with P(K-S)=99% 
that the populations are the same. 

An additional test of the Unified Model can be done by 
checking whether there is any correlation between color 
and column density in the BAT sample. Column den- 
sities were obtained from the literature dWinter et al.1 
2008, 20091 iBassani et al.lll999flNoguchi et al.ll2010fl and 
the Tartarus database. We see no correlation between 
column density and host galaxy color (Fig. [161). Since 
host galaxy color measures the relative amount of star 
formation, this suggest that there is no relation between 
X-ray column density (Nh) and star formation. 

We also investigated whether the NL and broad-line 
AGN have different rates of star formation in the far-IR. 
We define a proxy for specific star formation rate as the 
logarithm of the ratio of 90 /jm emission from AKARI 
to stellar mass. The mean value for this parameter for 
the narrow-line AGN is 33.6±0.4 erg s ~ 1 M@ 1 and for 
broad-line AGN is 33.4±0.4 erg s ~ 1 Mq 1 . A K-S test 
indicates a 35% probability that the rates of specific star 
formation for the narrow and broad-line AGN are the 
same in agreement with the Unified Model of AGN. 

In addition, we compared the morphologies of broad 
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Figure 15. Comparison of average BAT AGN host galaxy colors 
separated by broad-line and narrow-line. The error bars indicate 
standard deviations in each bin. Petrosian u — r by stellar mass 
(M*) for broad-line and narrow-line AGN in the BAT sample. Both 
narrow-line and broad-line AGN show similar host galaxy colors in 
agreement with AGN unification with P(K-S)= 99% and 36% for 
u — r and g — r respectively. 
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Figure 17. Comparison of BAT AGN host galaxy morphologies 
separated by broad and narrow-line AGN. The error bars represent 
lcr Poisson statistics. We see no difference in the morphologies of 
the two samples in agreement with AGN unification. 
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Figure 18. Left : Percent of narrow-line AGN vs. host galaxy 
inclination as measured by the axis ratio (b/a). The error bars 
indicate standard deviations in each bin. Galaxies with lower axis 
ratios tend to be more edge on. We find more NL AGN in highly 
inclined systems with smaller axis ratios. Right: X-ray column 
density vs. host galaxy inclination as measured by the axis ratio 
(b/a). The error bars indicate standard deviations in each bin. 
Galaxies with higher inclinations have a higher mean X-ray column 
density. A K-S test indicates a <5% probability that the X-ray 
column densities from the lowest and highest distributions of axis 
ratios are from the same parent population. 


Figure 16. Scatter plot of X-ray column density vs. host galaxy 
u — r. We see no correlation of X-ray column density with host 
galaxy color in agreement with AGN unification. We also find no 
correlation in g — r. 

and narrow-line AGN. Because of the difficulty of de- 
termining morphology class for galaxies with very bright 
AGN, we limited our sample to galaxies with %PS r < 35. 
A plot of the percentage in each sample of different types 
of morphology can be found in Fig. Q7] We see no differ- 
ence in the morphologies of broad and narrow-line AGN. 

Finally, we compared the axis ratios of BAT AGN 
with different optical classifications and obscuring col- 
umn densities. In the unified model of Seyferts, the 
observed X-ray spectra of Seyfert 2s are expected to 
have higher absorbing column density than Seyfert Is 
due to an edge-on view of the obscuring torus. How- 
ever, edge-on spirals have been shown to have a geometri- 
cally thick layer of obscuring material in the host-galaxy 
plane s that can als o incr ease the absorbing column den- 
sity (jSimcoe et all fT997f h We confirm this by finding 
more NL AGN in highly inclined systems with smaller 
axis ratios (b/a<0.4; Fig.UHl left). We also compared X- 
ray column density vs. host galaxy inclination and found 
more inclined systems tend to have higher average X-ray 
column densities (Fig. Il8l right). This finding confirms 
an earlier result from the smaller 9-month sample of BAT 


AGN (1 Winter et al.ll2009l h 

5. SUMMARY AND DISCUSSION 

We have assembled the largest sample of ultra hard X- 
ray selected AGN with host galaxy optical data to date, 
with 185 AGN in total. We have performed extensive 
modeling with GALFIT to effectively remove the AGN 
light from the optical images. Using optical photometry, 
morphology, and spectroscopy, along with FIR emission 
we found: 

(i) The BAT AGN galaxies are bluer in optical color 
than inactive galaxies or SDSS Seyferts of the same 
stellar mass. 

(ii) We find a much higher incidence of spiral mor- 
phologies in BAT AGN compared to SDSS AGN 
or inactive galaxies. Amongst massive galaxies (log 
M* > 10.5), the BAT AGN show a preference for 
spiral morphologies that is 5 to 10 times higher 
than SDSS AGN or inactive galaxies. We also find 
that the bluer colors of BAT AGN can be accounted 
for by a higher fraction of mergers and spirals. 

(iii) The BAT AGN have greatly enhanced 90 /im emis- 
sion compared to inactive galaxies or SDSS Seyferts 
matched in redshift and stellar mass. 
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(iv) The BAT NL AGN have similar intrinsic [O III] 
A5007 luminosities as NL SDSS Seyferts of the 
same redshift range. 

(v) The BAT AGN are found in the most massive host 
galaxies with high concentration indexes indicative 
of large bulge-to-disk ratios and large supermassive 
black holes. 

(vi) We also find that the average ultra hard X-ray lu- 
minosity increases with stellar mass and that BAT 
AGN in mergers have greater ultra hard X-ray 
emission than those in other morphological types. 
This suggests a link between supermassive black 
hole growth and the mass of the host galaxy. 

(vii) In agreement with the Unified Model of AGN, we 
find the host galaxy colors and morphology are 
independent of X-ray column density and optical 
Seyfert classification. 

These results indicate that host galaxy morphology is 
related to the activation and fueling of local AGN. Ultra 
hard X-ray selected AGN are particularly associated with 
massive spiral galaxies and galaxy mergers. These types 
of objects are generally associated with bluer colors, com- 
pared to the red massive early-type galaxies at similar 
stellar masses. These observational results provide some 
evidence for an association between AGN activity and 
galaxy mergers (e.g., di Matteo et al. 2005), and also 
provide examples of AGN activity driven by the stochas- 
tic accretion of cold gas that shoul d be more prominent 
among late- type systems dHonkins fc Hernauistll2006l ). 

Recent simulations have also suggested a transition be- 
tween the fueling mechanisms of AGN with nonmerger 
events predominantly powering lower luminosity AGN 
and mer ger-in d uced f ueling dominant in more luminous 
quasars ijHopkins fc Hernauistl 120091) . We may be see- 
ing evidence of this transition in our sample of BAT 
AGN that is powered both through merger events and 
less powerful nonmergers such as accretion of cold gas in 
late type systems. In support of this, we find that BAT 
AGN in mergers have a greater ultra hard X-ray emission 
than those in other morphological types. However, only 
a very small fraction (5/185) of BAT AGN in this sample 
are above the minimum bolometric luminosity associated 
with quasars (Lb o i>10 45 erg s _1 ). These results suggest 
that the process of merging may be important for pow- 
ering more moderate luminosity AGN as well (see also 
Koss et al. 2010). 

In interpreting the results of an X-ray flux limited sur- 
vey, it is useful to remember that the observed flux is a 
product of the black hole mass and accretion rate. On 
average, more massive galaxies will tend to have higher 
mass black holes that will produce a larger average X-ray 
flux than smaller galaxies with on average smaller black 
holes. However, among massive galaxies, elliptical mor- 
phologies are much more common than spirals, yet we 
find the most luminous hard X-ray AGN almost exclu- 
sively in spiral morphologies. This suggests that spiral 
morphologies must have higher accretion rates than el- 
liptical morphologies. This finding is in agreement with 
recent theoretical predictions that suggest that only spi- 
rals typically have enough gas to trigger higher levels of 
radiatively efficient accretion in a geometrically thin disk 


(|Fanidakis et al.ll2011f) . In order to understand this fur- 
ther, we are in the process of accurately measuring black 
hole masses to study the accretion rates for this sample. 

Previous optical surveys h ave fo und th at AGN tend 
to be in massive galaxies ( [Kauffmann et aL|[200.8fl , occur 
along the red sequence dWestobv et, all 1200 7ll . and tend 
to have simil ar n umbers of galaxy mergers as inactive 
galaxies (iLi et alj|2006() . However, in an ultra hard X-ray 
survey of AGN, we find that AGN host galaxies are bluer 
than inactive galaxies with higher numbers of massive 
spirals and galaxy mergers. We do not find observational 
evidence that the AGN suppresses star formation. 

It is surprising that the optical morphologies and colors 
of ultra hard X-ray selected AGN are so different than 
emission line selected Type 2 Seyferts given their similar 
bolometric luminosity as measured in [O III]. However, 
these results are consistent with recent Spitzer surveys 
that have found that the AGN detection rate in late-type 
galaxies and mergers is much larger than wh at optical 
spectroscopic observations suggest dSatvapal et al. 120081 
iGoulding fe Alexander] [20091 1 Veilleux et all 120091 ). Fi- 
nally, studies of X-ray selected AGN at higher redshifts, 
have also found a significant population of AGN classi- 
fied as star forming using emission line diagnostics (Yan 
et al. 2011, accepted). 

In the BAT AGN sample, there are several results that 
suggest optical emission line classification may be biased 
against late- type galaxies and mergers. In this study, we 
found that the axis ratios of BAT AGN are in general 
more inclined and have greater levels of internal extinc- 
tion than comparable SDSS AGN. This extinction could 
obscure or dilute the narrow-line region and cause AGN 
galaxies to be misclassified as star forming regions. This 
finding is also in agreement with a previous analysis of 
BAT AGN that found optical emission line diagnostics 
preferentially misclassify merging AGN beca use of opti- 
cal ex tinction and dilution by star formation dKoss et al.1 

IM3). 

Another possibility is that the BAT AGN may be much 
more intrinsically luminous than their [O III] emission 
suggests. Since the majority of BAT AGN either have 
broad lines or are NL AGN that are correctly classi- 
fied as Seyferts, yet are found to have much greater 
hard X-ray luminosities, this must be an important fac- 
tor. In support of this, two studies of BAT AGN have 
found a very weak correlation between the [O III] and 
hard X-ray luminosity and that BAT AGN have addi- 
tional reddening of t he narrow line region not accounted 
for in optical studies (|Winter et al.ll2010l : (Melende z et al.1 
2008). This is also supported by the much greater num- 
ber of narrow-line SDSS Seyferts compared to hard X- 
ray selected AGN. In the SDSS survey area, there are 
24 optical emission line selected narrow-line Seyferts de- 
tected for each hard X-ray AGN at the same redshift. 
Some of these undetected sources may be heavily ab- 
sorbed Compton-Thick AGN missed in the hard X-rays, 
but even the highest estimates expect onl y ss 50% of lo- 
cal narrow-line AGN are Compton Thick (|Risaliti et al.1 
1 19991 ) . If the BAT AGN are intrinsically more luminous 
than emission line selected AGN, this may explain their 
higher rates of mergers and enhanced FIR emission. We 
are currently in the process of assembling a larger sur- 
vey of optical spectra of BAT AGN to better understand 
optical and X-ray measures of intrinsic luminosity. 
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APPENDIX 

AGN SUBTRACTION AND GALFIT ANALYSIS 

The AGN color is bluer than the host galaxy, so it is important to accurately subtract the AGN ligh t before doing 
photometry of the host galaxy. Two-dimensional surface brightness fitting was done using GALFIT dPeng et al.ll2002f ) 
in the ugriz band to measure and subtract the AGN light. The program can simultaneously fit an arbitrary number of 
components using y 2 minimization to determine the best-fit parameters. Our choice of GALFIT is based on t he recent 
com parison of GIM2D vs. GALFIT which showed better fitting results and stability in finding solutions ([Haubler et all 
120081 ). While the median atmospheric seeing of our sample was only «1. 5", since the sample is at a very low redshift, 
this ground-based optical imaging is comparable or even superior to the best Hubble Space Telescope (HST) images 
at high-redshift (z>0.5). 

Initial estimates of galaxy magnitude, position, posi tion angle , axis ratio, and half-light radius were provided using 
SExtractor following the GALAPOGOS routine dHaubler et all 12008 :1. A point source (PS) was used to fit the AGN 
light. The Point Source Function (PSF) was modeled using five coadded bright stars in the same image field as the 
galaxy. An initial run of GALFIT was done using only a PS component to replace the SExtractor inputs for central 
position and PS magnitudes. Sky background estimates were made using SDSS sky values or from SExtractor. 

To model the galaxy light we used the Sersic profile, which is an exponential function with a variable half-light 
radius and an exponential parameter, n, called the Sersic index (Sersic 1968). For n=l, the Sersic profile is the same 
as an exponential disk model. When n=4, the Sersic profile is the same as a de Vaucouleurs bulge. Other authors have 
used different fixed and floating S ersic index models including a fixed bulge (n=4), a fixed disk and bulge (n=l and 
n=4), and a floating Sersic index (jVeilleux et al.llifOOfiL l200flar iSchawinski et al.ll2009l ). While a det ailed study of the 
most effective way to measure the AGN and galaxy light has been done for simulated HST images ([Simmons fe Urrvl 
120081 : iKim et al.l 120081 iPierce et all I2010T) . little has been done for ground-based images similar to the current study. 
Therefore, to determine the best modeling approach with GALFIT and the associated error, we simulated AGN 
galaxies for both our Kitt Peak and SDSS images. 

To determine the best model to measure the AGN and galaxy light, we simulated broad-line AGN galaxies by adding 
bright stars to the centers of images of inactive galaxies and NL AGN. We randomly selected one star from our images 
to use as the simulated AGN PS and placed it in the center of the galaxy. Since the SDSS and Kitt Peak data 
had different PSFs and exposure times, we tested them separately. To test the SDSS data, we selected 15 inactive 
galaxies from the SDSS catalog which matched in redshift, color, and apparent magnitude to our Seyfert 2 galaxies 
with 0.025 < 2 < 0.05. These galaxies are the most distant in our sample and have the poorest resolution, so PS 
subtraction leads to large errors; they therefore serve as a worst case scenario for our sample. For the Kitt Peak images 
we chose a sample of 10 of the BAT Seyfert 2 galaxies with the same redshift range. For each of the simulated AGN 
galaxies we added the star at incremental percentage (%PS r ) values of total (AGN and galaxy) light in the r band. 
In total, to test them in each filter, we created 300 simulated AGN galaxies and ran GALFIT 3500 times. We then 
used these simulated AGN galaxies to test the effectiveness of GALFIT with different models. 

Fig. HU shows the simulation results for the different Sersic models for increasing %PS r light in the r band. We did 
not find a significant difference in GALFIT modeling using the Kitt Peak or SDSS samples, so these results include 
both samples. We found an inaccurately modeled PSF will force GALFIT to converge to artificially high Sersic indexe s 
for the galaxy model. This has also been found in simulated HST images dSimmons fe Urrvl l2008t IKim et al.l I2008T ) . 
The PSF mismatch causes light from the host galaxy component to be artificially increased by effectively taking light 
from the AGN component. This happens by inflating the galaxy Sersic index. This effect increases as the %PS r 
increases. In addition, as we move towards larger %PS r , the associated standard deviation of error of the modeled 
galaxy light increases. 

To accurately remove the AGN light, it is important to choose the best model. We did this by finding the difference 
between the modeled galaxy light and the actual galaxy light. When no PS component is used in the models, GALFIT 
still finds a faint AGN, so after subtraction, the modeled galaxy light component is fainter than the actual one. 
When the host galaxy is brighter than the AGN in the r band (%PS r <50), the worst model is to simply subtract a 
PS component to estimate the galaxy light because this overestimates the AGN light. For the Sersic and PS fitting 
models, the best model is to use an n=4 fixed bulge component and PS or n<4 variable Sersic Index and PS since these 
models have the smallest average error and standard deviation of error. The worst model is fitting with a disk(n=l) 
and bulge (n=4) or fitting with a variable Sersic Index since these models have the largest average overestimation of 
galaxy light and have the largest standard deviation of error. Simmons & Urry (2008) also found this result using 
simulated HST images. To avoid any systematic biases against disk-like systems we used the n<4 variable Sersic Index 
although the fixed bulge (n=4) Sersic model performed similarly. An initial guess of 2.5 was used for the Sersic Index. 
The index was allowed to float in the model along with all other values other than the sky background. 

The next step was to broaden the examination of GALFIT’s performance from one filter to the entire ugriz filter 
set. In Fig. [JH] (left), we show the performance in each of the filters. They are similar to each other, but the blue 
bands have higher uncertainties because of poorer resolution. 

When testing the performance across filters it is important to consider that the AGN spectral energy distribution 
(SED) emits more energy at bluer wavelengths than the host galaxy; otherwise we may underestimate the contami- 
nation in the bluer bands. To examine thi s, we assumed a AGN SED power law of f~ 0 ' 5 as has been found for the 
optical spectrum of quasars dRichards et al.ll2006f ) . We then normalized to the total light in each filter band based off 
of the %PS r . 


14 


o 


0.5 

0.4 

0.3 


* + ° n ^ 

§ 0.2 

^ 0.1 

i 

= 0.0 

-to 

<*> 

o 

^ - 0.1 


- 0.2 


o No constraint 
► n<8 

□ n<4 

◄ n=4 

n=4 and n=l 
v PS only 


m 






•l 


0 


20 


40 

%PS, 


60 


80 


Figure 19. To determine the best models to use for subtraction of the AGN light, we tested simulated AGN galaxies using different Sersic 
models with a point source (PS) to fit the AGN light. We varied the AGN to total light (%PS r ) in the r band to test how the models 
performed at increasing levels of AGN light. A positive value indicates that the mean host galaxy light is overestimated. The error bars 
indicate standard deviations in each bin. As the (%PS r ) increases the host galaxy light is overestimated by all of the Sersic and PS models 
and the standard deviation increases. We find that the model with a PS and floating Sersic Index with n<4 or n= 4 is most effective at 
measuring the AGN light based on a lower measured AGN contamination and smaller standard deviation. 


These final modeling results suggest important constraints where GALFIT is effective in removing the AGN light 
(Fig. M right). Based on these results, we restrict our u band photometry to galaxies with AGN brightnesses 
of %PS r <20 where the contamination is 0.05±0.15 mag. For photometry in the other griz filters, a less stringent 
restriction of %PS r <40 is sufficient to keep our errors within a = 0.05±0.04 mag. 

In addition to our simulations, we also tested the real BAT AGN galaxies for AGN contamination after removing 
the AGN light measured by GALFIT. The effects of subtracting the AGN contribution with GALFIT are shown for 
the u — r and g — r for the broad-line AGN in Fig. [2T] The galaxy colors stay flat with increasing % of AGN light up to 
«20% for the u band and ~35% for the griz band. This agrees with the results of our modeling of AGN contamination 
at 20% for the u band and 40% for the griz. Based on these results, we have imposed a tighter restriction of 35% AGN 
light on the griz band photometry to ensure there is no AGN contamination. 

We have restricted our color analysis of host galaxies because of our inability to remove the AGN light with GALFIT 
for the brightest AGN. After fitting with GALFIT, 17 or 10% of galaxies had bright broad-line AGN, where %PS r >35, 
and these galaxies were not included in the griz analysis because of uncertainty of the host galaxy photometry lFig. 1221) . 
When we include both the galaxies that were not included because of pixel saturation and those with with %PS r >35, 
the completeness is 71% for the highest quartilc of BAT luminosity and >95% for the other 3 quartiles. In the u band, 
41 galaxies or 23% were excluded because the luminosity of the AGN exceeded 20%. The completeness is 71% for 
the highest quartile of BAT luminosity and >95% for the other 3 quartiles. This may introduce a small bias against 
QSO-like systems. However, in the regions where GALFIT is accurate in the removal of the AGN, we do not see any 
strong trends towards bluer colors in higher luminosity AGN. 

Our photometry will be used to provide colors and stellar masses of the host galaxy. Contamination from the AGN 
will be reduced in relative color measurements, since the photometry from all filters includes light from the AGN and 
will to some extent be subtracted off in color measurements. Finally, when using photometry to determine stellar 
masses, the redder bands are weighted more heavily, as they tend to be less contaminated by the AGN component 
than the bluer bands. 
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Figure 20. Top: Effectiveness of GALFIT in removing the AGN light by filter for modeled AGN galaxies. We have used a PS and floating 
Sersic Index with n<4 to measure the AGN light. Increasing levels of %PS are shown. As the simulated AGN light increases, the galaxy 
light is overestimated for all filters. The error bars indicate standard deviations in each bin. The errors are hig her fo r the u and z w here 
the resolution is poorer. Bottom : We also included the effect of the bluer quasar SED using the colors of AGN (I Richards et a DEES) and 
the colors of our average Seyfert 2 host galaxy. The error bars indicate standard deviations in each bin. The bluer filter performance is 
worse because of the higher ratio of AGN to galaxy light. 

COMPARISON SAMPLE 

In this section, we discuss considerations in our choice of the comparison sample from the SDSS, the use of catalog 
photometry, and importance of comparing galaxies with similar brightnesses or stellar masses. We have used galaxies 
with both photometry and spectroscopy from the SDSS as a comparison sample. Since 50% (93/185) of BAT AGN 
galaxies are in the SDSS spectroscopic coverage area, we can examine these galaxies to determine the completeness of 
the SDSS catalog sample. In Fig. [211 the SDSS spectroscopic coverage of BAT AGN by redshift bin is shown. While 
70% of the BAT sample in the SDSS has spectroscopic coverage, the brightest galaxies in each redshift bin are missed 
for z<0.03. Above this redshift a few broad-line AGN with bright nuclei are misclassified as stars. Due to the selection 
effect against the brightest galaxies, in this study we have chosen a SDSS control sample of galaxies with 0.01<z<0.07. 
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%PS r %PS r 

Figure 21. Left: Average colors in u — r for BAT AGN before and after AGN subtraction with GALFIT. The error bars indicate standard 
deviations in each bin. Using GALFIT for AGN subtraction, the colors are almost constant for %PS r <20. Based on our modeling we 
believe the strong blueward shift above 20% is due to AGN contamination not accounted for from GALFIT. Right : Average colors in g — r 
for BAT AGN before and after AGN subtraction with GALFIT. The error bars indicate standard deviations in each bin. The ratio of AGN 
to galaxy light is smaller in g than u and we see a constant color to %PS r <35. 



Figure 22. Left: Plot of %PSr- for BAT AGN galaxies by redshift. Narrow-line AGN are represented as dots and broad-line AGN are 
indicated by triangles. Dashed lines indicate the limits above which GALFIT was unable to effectively remove the AGN light. These 
galaxies were not included in the analysis of colors because of AGN contamination. At higher redshifts we find more BAT AGN with higher 
ratios of AGN to galaxy light. Right: Plot of number of AGN in bins of %PS r - We find that GALFIT finds %PS r <5 for most BAT 
narrow-line BAT AGN. 



Figure 23. Percent coverage of BAT AGN in the SDSS spectroscopic footprint with spectroscopy. Due to the brightness limits (m r < 15) 
in the spectroscopic sample, 30% of the BAT AGN galaxies are missed by the SDSS spectroscopic sample. In addition, some broad-line 
AGN with bright nuclei are misclassified as stars and not included in the SDSS spectroscopy. Finally, some merging BAT AGN galaxies are 
not covered because of fiber collision limits in the SDSS. Due to this effect, we have used SDSS galaxies in the redshift range of 0.01<z<0.07 
to compare to BAT AGN. 
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Figure 24. Comparison of our measured Petrosian magnitudes to the SDSS catalog values for a range of magnitudes (m r ) (left) and 
redshifts (right). Negative values indicate we find a brighter magnitude than the SDSS catalog. Since the automated routine in the SDSS 
has a tendency to shred galaxies into multiple component galaxies, the magnitudes are reduced. This shredding effect is much stronger for 
the brightest galaxies. However, for m r >13.5 or z>0.01 the magnitudes are in good agreement. Given these results, we have restricted our 
SDSS catalog comparison to this range. 



Figure 25. Comparison of the average difference in g — r color between our measurements and the SDSS catalog. The error bars indicate 
standard deviations in each bin. The SDSS catalog colors show better agreement than apparent magnitudes since the effects of shredding 
tend to cancel each other out in the reduced brightness of both filters. 


We also ensured that our own photometry of BAT AGN agreed with the SDSS catalog measurements. We can 
measure the differences between our photometry and those in the SDSS catalog since 62% (116/185) of BAT AGN are 
in the SDSS photometric catalog (Fig. Ell). The SDSS photometric catalog incorrectly shreds features of bright, nearby 
galaxies, such as spiral arms, rings, and dust lanes into different components. This causes a systematic underestimation 
of the brightness of galaxies and variations in their measured color. Because of this shredding effect, we have restricted 
our SDSS catalog comparison to galaxies with m r >13.5 and z>0.01, where we find good agreement in photometry. In 
Fig. [25] we show a comparison between the g — r of BAT AGN measured in the SDSS catalog and measured using our 
own photometry. The SDSS catalog colors show better agreement than the photometry since the effects of shredding 
tend to cancel each other out in relative color measurements. 

When comparing host galaxy properties, it is important to consider the flux limited nature of both the SDSS and 
BAT surveys. In Fig. [26] a plot of average M r by redshift for the BAT AGN, SDSS AGN, and inactive SDSS galaxies 
is shown. At higher redshifts the SDSS detects AGN and galaxies that are more luminous and have a higher stellar 
mass because of a selection effect against optically faint galaxies. On the other hand, the BAT AGN survey detects 
AGN galaxies of a constant optical brightness across a range of redshifts. Due to these selection effects, it is important 
to compare host galaxy colors between the BAT survey and SDSS survey only at similar brightnesses or stellar masses. 

SELECTION EFFECTS IN THE BAT SURVEY 

In the ultra hard X-rays, the BAT survey is also flux limited. Assuming the ultra hard X-ray AGN are distributed 
randomly following the distribution of luminosities at lower redshifts, and using the limiting sky sensitivity, we can 
make a further estimate of completeness (Fig. [271) . We find that the BAT sources are complete for z<0.05 in this 
survey for log Li4_ig5k e v>43.7 or «log L2_iokeV>43.2 assuming no intrinsic absorption. In addition, we limited our 
analysis of morphologies to NL BAT AGN. The completeness fractions are shown in Fig. [28] as a function of ultra hard 
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Figure 26. Plot of average absolute mag in r for the BAT AGN, SDSS AGN, and inactive galaxies. The error bars indicate standard 
deviations in each bin. The dashed lines indicate the approximate brightness and faintness limits from the SDSS spectroscopic survey. At 
higher redshifts, the SDSS detects galaxies that are more luminous and have a higher stellar mass because of the selection effect against faint 
galaxies. On the other hand, the BAT AGN survey detects AGN galaxies of a constant optical brightness across a range of redshifts. Due 
to the selection effects it is important to compare host galaxy colors between the BAT survey and SDSS survey only at similar brightnesses 
or stellar masses. For comparison, in the redshift range between 0.03 to 0.05 and the survey coverage area of the SDSS, the BAT survey 
has 28 broad-line and 17 NL AGN. In this same range, the SDSS has 121 broad-line and 411 Seyfert 2 AGN. 



Figure 27. Plot of estimated completeness above a ultra hard X-ray luminosity within the redshift range of this survey (z<0.05) using 
the median flux sensitivity of the 58 month survey (1.1 x 10 — 11 erg cm -2 s — 1 ; Baumgartner et al. 2011, submitted). This plot assumes the 
ultra hard X-ray AGN are randomly distributed by volume and uses the distribution of lower redshift sources to estimate those missed at 
higher redshift. We find that the BAT sources are complete for z< 0.05 in this survey for log Li 4 _i 95 keV > 43.7 or «log L 2 — iokeV >43.2 
assuming no intrinsic absorption. 

X-ray luminosity. We see that the highest luminosity quartilc for BAT luminosity is less complete than the lowest 
quartile, although this difference is <20%. 

In addition, the BAT survey may miss heavily obscured Compton-thick sources that may be identified using methods 
at other wavelengths. Compton-thick sources are AGN where our line of sight to the source is blocked with obscuring 
matter that has an optical depth of r > 1 (Nh > 1.5 x 10 24 cm -2 ). At these optical depths, much of the X-ray 
emission is reflected and not direct. For Compton-thick sources, the column densities are so high that little to no 
direct emission escapes below 1 0 keV. Estimates of the number of Compton-thick source s in the BAT AGN sample 
have ranged from 3% to 20% (|Tueller et all 120081 : iWinter et al.1 120091 lAiello et, all 12008ft . A recent analysis of the 
INTEGRAL AGN at 20-40 keV finds th at the number of Co mpton-Thick AGN found by optical and ultra hard X-ray 
methods is in agreement up to z=0.015 dMalizia et al.ll200~9l) . 

We independently estimated the number of missing Compton-thick sources by investigating the difference in narrow 
and broad-line sources by redshift. A plot of average ultra hard X-ray luminosity compared to redshift for narrow-line 
and broad-line AGN in the BAT survey can be found in Fig. [29] We have also plotted the approximate all-sky limiting 
flux of the BAT ultra hard X-ray detections for the 58 month catalog. This shows that the BAT survey does have 
a slight tendency to find narrow-line AGN at closer redshifts than broad-line AGN. The mean redshift is 0.027 for 
broad-line sources and 0.022 for narrow-line sources. The mean log Li 4 _ig 5 k e v is 43.56±0.65 for broad-line sources 
and is 43.37±0.59 for the narrow-line sources. 

An additional way to estimate the number of missed absorbed sources is by measuring the percentage of NL BAT 
AGN by redshift (Fig. l30l) . We find that the number of narrow-line sources falls at higher redshifts. For z<0.01, 61% 
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Figure 28. Completeness of various measurements at each quart ile of BAT luminosity. Morphology measurements were limited to narrow- 
line AGN while color measurements exclude systems with very bright AGN. The highest quartile of BAT luminosity is less complete than 
the lowest quartile, although this difference is <20%. 



[b] 

Figure 29. Plot of average ultra hard X-ray luminosity compared to redshift for narrow-line and broad-line AGN in BAT. The error 
bars indicate standard deviations in each bin. The dashed line shows the approximate flux limit of the BAT survey. This shows that the 
BAT survey does have a slight tendency to find narrow-line AGN at closer redshifts than broad-line AGN. The mean redshift is 0.027 for 
broad-line sources and 0.022 for narrow-line sources. The mean log Li 4 _ig 5 k e y for broad-line sources is 43.56d=0.65 and 43.37d=0.59. 

are NL AGN while at 0.03<z<0.05 only 31% are NL AGN. If we assume that the ratio of 61% narrow-line AGN in 
the z<0.01 bin is the true value and is constant with redshift, then we will be missing about 50 narrow-line sources 
at higher redshift or 27% of the entire sample. However, we do not find any statistically significant difference in color 
between NL and broad-line AGN or between luminous (log Li4_i9 5 keV>43.5) and less luminous sources. We also do 
not find any statistically significant difference with increasing X-ray column densities. These results suggest that the 
flux-limited nature of the survey does not strongly influence our overall results. 

We can make an additional estimate of the number of missing Compton-thick AGN based on the ratio of NL to 
broad-line AGN in the SDSS survey. In the redshift range between 0.03 to 0.05, the SDSS has 121 broad-line AGN 
and 411 NL AGN. For comparison, the BAT survey has 28 broad-linc AGN and 17 NL AGN in this range. This 
suggests that approximately 77% (411/532) are narrow-line, which is greater than the 61% of NL BAT AGN at low 
redshift, but not outside of the 1 sigma error bars for z<0.02. We may therefore estimate that at a maximum s=s 16% 
AGN are missed as Compton-thick. Unless a large fraction of the missed sources have systematically different colors, 
morphologies or mass than the detected sources we do not expect a large effect on our results. 
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Figure 30. Percent of narrow-line sources in different redshift ranges in the BAT AGN sample. The error bars represent la Poisson 
statistics. We find that the number of narrow-line sources falls at higher redshifts. For z<0.01, 61% are NL AGN while at 0.03<z<0.05 only 
31% are NL AGN. If we assume that the ratio of 61% narrow-line AGN is constant across redshift, we will be missing about 50 narrow-line 
sources at higher redshift or 27% of the entire sample. 
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Table 1 Summary of Kitt Peak Observations 


Name 

Date Obs. 

Type 1 

z 

Dist. (Mpc) 2 

E(B-V) 3 

Airmass 4 

PSF(") 5 

1RXS J045205. 0+493248 

2008-02-07 

Syl 

0.029 

125.3 

0.72 

i.i 

1.2 

2MASX J00253292+6821442 

2008-11-06 

Sy2 

0.012 

51.2 

1.04 

1.2 

2.5 

2MASX J04440903+2813003 

2008-02-08 

Sy2 

0.011 

48 

0.85 

1.1 

1.0 

2MASX J05054575-2351139 

2008-11-06 

Sy2 

0.035 

151.9 

0.03 

1.7 

1.5 

2MASX J0641 1806+3249313 

2008-02-09 

Sy2 

0.047 

205.8 

0.15 

1.0 

1.0 

2MASX J09043699+5536025 

2008-02-13 

Syl 

0.037 

161.4 

0.02 

1.1 

1.2 

2MASX J091 12999+4528060 

2008-02-12 

Sy2 

0.026 

115.5 

0.01 

1.0 

1.4 

2MASX J 11454045- 1827149 

2008-02-06 

Syl 

0.032 

142.7 

0.03 

1.6 

1.4 

2MASX J 12005792+0648226 

2008-02-10 

Sy2 

0.035 

156.1 

0.01 

1.2 

0.9 

2MASX J21355399+4728217 

2008-11-07 

Syl 

0.025 

107.6 

0.62 

1.0 

1.0 

2MFGC 02280 

2008-02-14 

G 

0.015 

64.8 

0.77 

1.7 

2.1 

3C 111.0 

2008-02-08 

Syl 

0.048 

210.3 

1.65 

1.0 

0.8 

3C 120 

2008-11-05 

Syl 

0.033 

143 

0.29 

1.3 

1.5 

Ark 120 

2008-02-11 

Syl 

0.033 

146 

0.12 

1.2 

1.1 

ARK 347 

2008-02-09 

Sy2 

0.022 

96.9 

0.03 

1.0 

0.8 

ARP 102B 

2008-02-13 

Syl 

0.024 

104 

0.02 

1.3 

1.1 

CGCG 420-015 

2008-02-10 

Sy2 

0.029 

127 

0.08 

1.2 

0.9 

ESO 490-IG026 

2008-02-10 

Syl.2 

0.024 

106.8 

0.09 

2.0 

1.3 

ESO 506-G027 

2008-02-11 

Sy2 

0.025 

107.7 

0.07 

1.9 

1.3 

ESO 511-G030 

2008-02-09 

Syl 

0.022 

96.2 

0.06 

1.9 

1.9 

FAIRALL 272 

2008-02-10 

Sy2 

0.022 

95.4 

0.04 

1.2 

1.0 

HB89 0241+622 

2008-11-07 

Syl 

0.044 

192.2 

0.72 

1.2 

1.2 

IC 4329A 

2008-02-10 

Syl 

0.016 

68.7 

0.05 

2.1 

1.4 

IGR J21277+5656 

2008-09-06 

Syl 

0.014 

62.8 

1.3 

1.1 

1.2 

IRAS 04124-0803 

2008-02-13 

Syl 

0.037 

164.9 

0.08 

1.3 

1.4 

IRAS 05218-1212 

2008-02-13 

Syl 

0.049 

214.8 

0.16 

1.4 

1.5 

IRAS 05589+2828 

2008-02-08 

Syl 

0.033 

143 

0.42 

1.2 

1.0 

LEDA 138501 

2008-02-11 

Syl 

0.049 

215.8 

0.16 

1.1 

1.4 

LEDA 214543 

2008-02-13 

Sy2 

0.032 

138.8 

0.11 

1.2 

1.3 

MCG -01-05-047 

2008-11-07 

Sy2 

0.016 

72.2 

0.02 

1.2 

1.3 

MCG -01-13-025 

2008-02-09 

Syl.2 

0.015 

68 

0.03 

1.3 

1.2 

MCG -01-24-012 

2008-02-06 

Sy2 

0.019 

84.2 

0.03 

1.3 

1.7 

MCG -01-40-001 

2008-02-12 

Sy2 

0.022 

97.6 

0.08 

1.3 

2.1 

MCG -02-12-050 

2008-02-10 

Sy2 

0.036 

157.9 

0.07 

1.4 

0.9 

MCG -03-34-064 

2008-02-06 

Syl.8 

0.016 

70.8 

0.07 

1.5 

1.4 

MCG -05-14-012 

2008-11-06 

Sy2 

0.009 

42.2 

0.12 

1.9 

1.5 

MCG -05-23-016 

2008-02-11 

Sy2 

0.008 

36.1 

0.10 

2.2 

1.4 

MCG +04-22-042 

2008-02-12 

Syl.2 

0.032 

141.5 

0.04 

1.0 

1.6 

MCG +04-48-002 

2008-09-08 

Sy2 

0.013 

59.3 

0.44 

1.1 

1.1 

MCG +08-11-011 

2008-11-04 

Syl. 5 

0.020 

87.9 

0.21 

1.0 

0.8 

Mrk 10 

2008-02-09 

Syl.2 

0.029 

126.4 

0.04 

1.2 

1.1 

Mrk 1018 

2008-09-06 

Syl. 5 

0.042 

186.1 

0.12 

1.2 

1.0 

Mrk 18 

2008-02-09 

Syl 

0.011 

47.2 

0.04 

1.2 

1.0 

Mrk 279 

2008-02-07 

Syl. 5 

0.030 

131.7 

0.01 

1.2 

1.3 

Mrk 335 

2008-11-07 

Syl.2 

0.025 

109.5 

0.02 

1.0 

1.6 

Mrk 348 

2008-11-07 

Sy2 

0.015 

64.7 

0.06 

1.0 

1.7 

Mrk 352 

2008-11-07 

Syl 

0.014 

63.7 

0.06 

1.1 

1.6 

Mrk 417 

2008-02-08 

Sy2 

0.032 

142.1 

0.02 

1.0 

0.9 

Mrk 509 

2008-09-05 

Syl.2 

0.034 

149.2 

0.05 

1.5 

1.4 

Mrk 520 

2008-11-04 

Syl.9 

0.026 

114.7 

0.05 

1.0 

1.0 

Mrk 590 

2008-02-12 

Syl.2 

0.026 

113.7 

0.03 

1.3 

1.7 

Mrk 79 

2008-11-07 

Syl.2 

0.022 

95.4 

0.07 

1.0 

1.2 

Mrk 915 

2008-09-05 

Syl 

0.024 

103.7 

0.06 

1.4 

1.6 

NGC 1142 

2008-02-13 

Sy2 

0.028 

124.6 

0.07 

1.2 

1.4 

NGC 1275 

2008-02-12 

Sy2 

0.017 

75.2 

0.03 

1.2 

1.5 

NGC 2110 

2008-02-06 

Sy2 

0.007 

33.1 

0.37 

1.6 

1.8 

NGC 2992 

2008-11-06 

Sy2 

0.007 

30.5 

0.06 

1.8 

1.3 

NGC 3081 

2008-02-10 

Sy2 

0.007 

32.5 

0.05 

1.7 

1.0 

NGC 3227 

2008-02-08 

Syl. 5 

0.003 

20.9 

0.02 

1.0 

0.8 

NGC 3281 

2008-02-11 

Sy2 

0.010 

45.4 

0.16 

2.6 

1.4 

NGC 3516 

2008-02-07 

Syl. 5 

0.008 

38.9 

0.04 

1.3 

1.6 

NGC 4102 

2008-02-12 

LINER 

0.002 

21 

0.02 

1.0 

2.1 

NGC 4593 

2008-02-08 

Syl.9 

0.009 

44 

0.02 

1.2 

1.4 

NGC 5728 

2008-02-08 

Sy2 

0.009 

29.1 

0.10 

1.5 

1.4 

NGC 5995 

2008-02-11 

Sy2 

0.025 

108.5 

0.15 

1.4 

1.8 

NGC 6240 

2008-02-14 

Sy2 

0.024 

105.4 

0.07 

1.3 

2.0 

NGC 6814 

2008-09-05 

Syl. 5 

0.005 

22.8 

0.18 

1.4 

1.2 

NGC 7314 

2008-11-06 

Syl.9 

0.004 

19 

0.02 

1.9 

2.0 

NGC 7319 

2008-09-08 

Sy2 

0.022 

95.3 

0.07 

1.1 

1.0 

NGC 7469 

2008-11-05 

Syl.2 

0.016 

69.8 

0.06 

1.3 

2.5 

NGC 7679 

2008-09-06 

Syl 

0.017 

73.4 

0.06 

1.1 

1.4 

NGC 7682 

2008-11-07 

Sy2 

0.017 

73.1 

0.06 

1.1 

1.3 

NGC 788 

2008-11-06 

Sy2 

0.013 

58 

0.02 

1.3 

1.2 

NGC 931 

2008-02-10 

Syl. 5 

0.016 

71.2 

0.09 

1.1 

0.9 

NGC 973 

2008-11-05 

Sy2 

0.016 

69.2 

0.09 

1.2 

1.6 

RX J2044. 0+2833 
Continued on Next Page. . . 

2008-11-06 

Syl 

0.05 

219.4 

0.03 

1.2 

1.7 
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TABLE 1 - Continued 


Name 

Date Obs. 

Type 1 

z 

Dist. (Mpc ) 2 

E(B-V ) 3 

Airmass 4 

PSF(") 5 

SBS 1301+540 

2008-02-12 

Syl 

0.029 

129.2 

0.02 

1.0 

1.5 

UGC 02724 

2008-11-07 

Sy2 

0.047 

209 

0.20 

1.1 

1.3 

UGC 03142 

2008-02-09 

Syl 

0.021 

93 

0.74 

1.0 

1.1 

UGC 03601 

2008-02-09 

Syl. 5 

0.017 

73.3 

0.08 

1.0 

0.9 

UGC 12282 

2008-09-07 

Syl. 9 

0.016 

72.7 

0.14 

1.0 

1.3 

UGC 12741 

2008-09-08 

G 

0.017 

74.7 

0.10 

1.1 

2.4 


0 This table is also available in its entirety as a supplementary 
file in ASCII format. 

1 AGN type and host galaxy type from ITueller et all (120080 . 
For AGN types, optical identifications are listed, where available. 
Where G is indicated, there are no optical emission lines indicative 
of the presence of an AGN and the optical spectrum looks like a 
galaxy spectrum. 


2 We used the mean of the redshift independent distance in Mpc 

from NED when available. Otherwise, we adopted the following 
cosmological parameters to determine distances: Q m = 0.27, = 

0.73, and Hq = 71 km s — 1 Mpc -1 . 

3 Milky Way reddening values, E(B-V), from IRAS and 
COBE/DIRBE. 

4 Median airmass of all five filter observations. 

5 Gaussian FWHM of r band image. 
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Table 2 Summary of SDSS Observations 


Name 

Date Obs. 

Type 1 

Z 

Dist. (Mpc) 2 

E(B-V) 3 

Airmass 4 

PSF(") 

2MASX J01064523+0638015 

2005-09-28 

Sy2 

0.041 

178.7 

0.05 

i.i 

1.0 

2MASX J03305218+0538253 

2004-12-14 

Syl 

0.046 

201.3 

0.37 

i.i 

1.7 

2MASX J03534246+3714077 

2003-01-28 

Sy2 

0.018 

78.4 

0.53 

1.0 

0.9 

2MASX J07595347+2323241 

2003-01-25 

Sy2 

0.029 

128 

0.05 

1.4 

1.4 

2MASX J 16174158+0607100 

2003-04-25 

Sy2 

0.037 

164.8 

0.08 

1.1 

0.9 

ARP 151 

2002-04-01 

Syl 

0.021 

90.5 

0.02 

1.2 

1.5 

CGCG 031-072 

2002-03-05 

Syl 

0.033 

143.2 

0.03 

1.2 

1.8 

CGCG 046-033 

2001-04-16 

Syl. 5 

0.034 

148.7 

0.03 

1.2 

1.2 

CGCG 102-048 

2005-05-09 

Syl. 9 

0.026 

116 

0.03 

1.1 

1.2 

CGCG 122-055 

2004-12-13 

Syl 

0.021 

91.8 

0.03 

1.0 

1.1 

CGCG 198-020 

2006-05-24 

Syl 

0.026 

112 

0.04 

1.2 

1.6 

CGCG 300-062 

2001-09-20 

Sy2 

0.032 

143 

0.05 

1.3 

0.9 

CGCG 312-012 

2003-10-24 

Sy2 

0.025 

110.3 

0.04 

1.3 

1.5 

CGCG 319-007 

2004-06-15 

Syl. 9 

0.044 

192.2 

0.04 

1.2 

1.3 

CGCG 427-028 

2006-05-27 

G 

0.030 

131 

0.20 

1.3 

1.7 

IC 0486 

2002-01-14 

Syl- 8 

0.027 

117.5 

0.03 

1.1 

1.1 

IC 0751 

2003-04-01 

Sy2 

0.030 

134.1 

0.03 

1.2 

1.4 

IC 2461 

2002-11-07 

Sy2 

0.007 

72.9 

0.01 

1.1 

1.4 

IC 2515 

2003-03-07 

Sy2 

0.019 

82.7 

0.02 

1.0 

1.1 

KAZ 320 

2006-09-18 

Syl 

0.034 

149.6 

0.15 

1.6 

1.6 

KUG 1141+371 

2004-01-31 

Syl 

0.038 

165.5 

0.02 

1.0 

1.4 

KUG 1208+386 

2004-01-31 

Syl 

0.022 

98 

0.03 

1.0 

1.6 

LEDA 170194 

2006-01-31 

Sy2 

0.036 

159.4 

0.04 

1.4 

1.4 

M106 

2003-03-06 

LINER 

0.001 

7.5 

0.01 

1.3 

1.3 

MCG -02-08-014 

1999-10-14 

G 

0.016 

71.7 

0.05 

1.8 

1.8 

MCG +01-57-016 

2005-09-26 

Syl- 8 

0.024 

107.5 

0.12 

1.1 

1.2 

MCG +02-21-013 

2005-03-10 

Sy2 

0.034 

149.3 

0.03 

1.0 

1.4 

MCG +04-06-043 

2005-11-04 

Syl 

0.033 

144.5 

0.21 

1.2 

1.3 

MCG +05-28-032 

2004-12-15 

LINER 

0.023 

99 

0.02 

1.1 

1.3 

MCG +06-24-008 

2004-02-17 

Sy2 

0.025 

111.5 

0.02 

1.0 

1.2 

MCG +06-49-019 

2006-09-16 

Sy2 

0.021 

91.6 

0.17 

1.0 

1.3 

MCG +11-11-032 

2003-11-20 

Sy2 

0.036 

156.3 

0.15 

1.3 

1.3 

MCG+10-17-061 

2001-04-15 

G 

0.009 

42.3 

0.02 

1.1 

1.5 

MRK 1044 

1999-10-14 

Syl. 8 

0.016 

70.4 

0.05 

1.5 

1.5 

Mrk 110 

2001-02-22 

Syl 

0.035 

153.6 

0.01 

1.2 

1.2 

Mrk 1210 

2003-01-28 

Syl 

0.013 

57.6 

0.02 

1.0 

1.0 

Mrk 1392 

2001-03-19 

Syl 

0.036 

157.3 

0.04 

1.5 

1.5 

Mrk 1469 

2002-02-08 

Syl 

0.030 

134.1 

0.03 

1.0 

1.3 

Mrk 198 

2003-03-06 

Sy2 

0.024 

105.8 

0.01 

1.3 

1.3 

Mrk 268 

2004-04-25 

Sy2 

0.039 

173.6 

0.02 

1.1 

1.3 

Mrk 290 

2001-03-23 

Syl 

0.029 

128.1 

0.01 

1.5 

1.5 

Mrk 463E 

2005-05-09 

Sy2 

0.050 

221 

0.04 

1.1 

1.0 

Mrk 464 

2004-01-28 

Syl. 5 

0.050 

222.8 

0.02 

1.0 

1.0 

Mrk 477 

2002-05-09 

Sy2 

0.037 

164 

0.01 

1.1 

1.7 

Mrk 50 

2000-05-05 

Syl 

0.023 

99.7 

0.01 

1.3 

1.3 

Mrk 595 

2005-10-12 

Syl. 5 

0.026 

116.4 

0.17 

1.2 

1.1 

Mrk 704 

2005-03-12 

Syl. 5 

0.029 

126.3 

0.02 

0.9 

0.9 

Mrk 705 

2006-01-31 

Syl. 2 

0.028 

120.8 

0.04 

1.2 

1.2 

Mrk 728 

2003-03-23 

Syl 

0.035 

154.7 

0.03 

1.3 

1.5 

Mrk 732 

2002-12-11 

Syl.8 

0.029 

126.3 

0.03 

1.2 

1.5 

Mrk 739E 

2005-03-10 

Syl 

0.029 

128.4 

0.03 

1.0 

1.5 

Mrk 766 

2004-12-15 

Syl. 5 

0.012 

54 

0.01 

1.2 

1.2 

Mrk 78 

2004-12-13 

Sy2 

0.037 

158.1 

0.05 

1.2 

1.2 

Mrk 817 

2001-05-18 

Syl. 5 

0.031 

135.2 

0.00 

1.7 

1.7 

Mrk 841 

2003-04-25 

Syl 

0.036 

158.2 

0.02 

1.4 

1.4 

Mrk 926 

2000-09-03 

Syl. 5 

0.047 

206.5 

0.04 

1.4 

1.4 

NGC 0835 

2000-09-26 

Sy2 

0.013 

56.3 

0.03 

1.3 

1.5 

NGC 1012 

2005-12-06 

G 

0.003 

16.2 

0.21 

1.2 

1.3 

NGC 1052 

1999-10-14 

Sy2 

0.004 

19.6 

0.02 

1.6 

1.6 

NGC 1194 

2002-09-05 

Syl.8 

0.013 

56.9 

0.07 

1.4 

1.4 

NGC 235A 

2006-09-17 

Sy2 

0.022 

95.5 

0.01 

1.7 

1.5 

NGC 2885 

2004-12-13 

Syl 

0.026 

112 

0.04 

1.0 

1.1 

NGC 3079 

2001-04-15 

Sy2 

0.003 

19.3 

0.01 

1.4 

1.4 

NGC 3718 

2002-01-13 

LINER 

0.003 

17 

0.01 

1.5 

1.5 

NGC 3786 

2004-05-14 

Syl.8 

0.008 

41.6 

0.03 

1.1 

1.3 

NGC 4051 

2003-03-26 

Syl. 5 

0.002 

14.5 

0.01 

1.2 

1.2 

NGC 4138 

2003-04-25 

Syl- 9 

0.002 

15.6 

0.01 

1.2 

1.2 

NGC 4235 

2003-04-01 

Syl 

0.007 

35.1 

0.01 

1.0 

1.0 

NGC 4388 

2003-03-23 

Sy2 

0.008 

18.25 

0.03 

1.4 

1.4 

NGC 4395 

2004-04-25 

Syl.8 

0.001 

4.11 

0.01 

1.5 

1.5 

NGC 452 

2004-08-26 

G 

0.016 

70.8 

0.09 

1.0 

1.7 

NGC 4686 

2002-04-01 

G 

0.016 

71.7 

0.01 

1.3 

1.3 

NGC 4992 

2003-03-31 

G 

0.025 

108.5 

0.02 

1.3 

1.3 

NGC 5106 

2003-04-28 

LINER 

0.031 

138.3 

0.04 

1.1 

1.1 

NGC 513 

2004-09-15 

Sy2 

0.019 

83.9 

0.06 

1.4 

1.4 

NGC 5231 

2000-05-04 

Sy2 

0.021 

93.5 

0.03 

1.3 

1.2 


Continued on Next Page. . . 
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TABLE 2 - Continued 


Name 

Date Obs. 

Type 1 

Z 

Dist. (Mpc ) 2 

E(B-V ) 3 

Airmass 4 

PSF(") 5 

NGC 5252 

2001-03-19 

LINER 

0.022 

95.5 

0.03 

1.4 

1.4 

NGC 5273 

2004-03-17 

Syl.9 

0.003 

17.7 

0.01 

1.0 

1.0 

NGC 5290 

2003-04-25 

Sy2 

0.008 

35.7 

0.01 

1.0 

1.6 

NGC 5506 

2001-05-24 

Syl.9 

0.006 

28.7 

0.05 

1.3 

1.3 

NGC 5548 

2004-06-12 

Syl.5 

0.016 

71.4 

0.01 

1.3 

1.3 

NGC 5610 

2004-06-13 

Sy2 

0.016 

72.3 

0.03 

1.0 

1.4 

NGC 5674 

2001-06-16 

Syl.9 

0.024 

107.3 

0.05 

1.1 

1.4 

NGC 5683 

2002-05-08 

Syl 

0.036 

157.3 

0.04 

1.2 

1.5 

NGC 5899 

2003-04-29 

Sy2 

0.008 

43.9 

0.03 

1.3 

1.3 

NGC 5940 

2003-04-27 

Syl 

0.034 

147.4 

0.06 

1.3 

1.2 

NGC 7603 

2001-10-15 

Syl.5 

0.029 

126.6 

0.04 

1.0 

1.0 

NGC 985 

1999-10-14 

Syl 

0.043 

187.7 

0.09 

1.5 

1.5 

SDSS J104326. 47+110524.2 

2002-12-14 

Syl 

0.047 

208.4 

0.04 

1.0 

1.3 

UGC 03995A 

2001-12-18 

Sy2 

0.015 

68 

0.04 

1.0 

1.6 

UGC 05881 

2005-01-17 

Sy2 

0.020 

88.1 

0.04 

1.0 

1.0 

UGC 06527 NED03 

2001-12-20 

Sy2 

0.026 

113.9 

0.01 

1.1 

1.1 

UGC 07064 

2004-12-15 

Syl.9 

0.025 

107.6 

0.02 

1.1 

1.1 

UGC 08327 NED02 

2003-03-24 

Sy2 

0.036 

158.8 

0.02 

1.2 

1.5 

UGC 11185 NED02 

2005-06-08 

Sy2 

0.041 

174.2 

0.07 

1.1 

1.1 

UM 614 

2000-05-05 

Syl 

0.032 

142.3 

0.02 

1.2 

1.2 

VII Zw 073 

2004-10-15 

Sy2 

0.041 

180.1 

0.12 

1.1 

1.2 


0 This table is also available in its entirety as a supplementary 
file in ASCII format. 

1 AGN type and host galaxy type from ITueller et all (120080 . 
For AGN types, optical identifications are listed, where available. 
Where G is indicated, there are no optical emission lines indicative 
of the presence of an AGN and the optical spectrum looks like a 
galaxy spectrum. 


2 We used the mean of the redshift independent distance in Mpc 

from NED when available. Otherwise, we adopted the following 
cosmological parameters to determine distances: Q m = 0.27, = 

0.73, and Hq = 71 km s — 1 Mpc -1 . 

3 Milky Way reddening values, E(B-V), from IRAS and 
COBE/DIRBE. 

4 Median airmass of all five filter observations. 

5 Gaussian FWHM of r band image. 
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Table 3 

Observing Summary-Filter Limiting Magnitudes and PSF 



u 

9 

r 

i 

z 

SDSS [ mag J 1 

22.3 

23.3 

22.9 

22.3 

20.7 

Kitt Peak [mag] 

24.2 

24.8 

24.4 

23.7 

22.0 

SDSS (") 2 

1.36±0.22 

1.30±0.19 

1.17±0.17 

1.14+0.18 

1.15+0.18 

Kitt Peak (") 

1.67±0.76 

1.56±0.47 

1.46±0.41 

1.44+0.59 

1.42+0.48 


1 Detection based on overlapping fields in SDSS and Kitt Peak sample with at least 
5 pixels above signal- to- noise ratio>3. 

2 PSF function was calculated using the FWHM of a single gaussian fit to the 10 
brightest unsaturated stars. 


Table 4 Summary of Photometry and Derived Properties 


Galaxy 

u 1 

9 

r 

i 

z 

log M* 2 

PS r 3 

E ( 9 -0 4 

E (g — r) Incl. 5 

u 6 griz 7 


mag 

mag 

mag 

mag 

mag 

M 0 

% 

mag 

mag 

Contam. Contam. 

2MASX J00253292+6821442 


12.86 

12.14 

11.85 

11.9 

10.05 

3.59 

0.03 



2MASX J01064523+0638015 

16.9 

15.54 

14.76 

14.27 

14.15 

10.4 

2.75 

0.14 

0.01 


2MASX J 03534246+3714077 

15.84 

13.99 

13.5 

13.31 

13.18 

9.9 

1.67 

0.21 



2MASX J 04440903+2813003 


12.68 

11.8 

11.4 

11.3 

10.41 

2.51 

0.24 



2MASX J 05054575-2351139 

17.31 

16.11 

15.44 

15.12 

15.36 

9.13 

12.7 

0.03 



2MASX J 06411806+3249313 

17.9 

16.56 

15.95 

15.56 

15.25 

9.94 

3.25 

0.44 



2MASX J07595347+2323241 

15.44 

14.11 

13.41 

13.02 

12.65 

10.57 

1.59 

0.34 

0.04 


2MASX J 09043699+5536025 

17.61 

16.25 

15.81 

15.31 

15.16 

9.76 

29.1 

0.62 


Y 

2MASX J 091 12999+4528060 

17.57 

15.98 

15.19 

14.77 

14.54 

9.76 

2.16 

0.27 



2MASX J12005792+0648226 

15.72 

14.68 

13.91 

13.49 

13.34 

10.58 

1.28 

0.17 



2MASX J16174158+0607100 

18.06 

16.24 

15.37 

14.92 

14.60 

10.14 

0.99 

0.31 

0.08 


2MASX J21355399+4728217 

16.32 

14.84 

14.12 

13.82 

14.25 

9.41 

21.4 

0 

0.1 

Y 

2MFGC 02280 


14.1 

13.26 

12.84 

12.64 

10.13 

3.69 

0.27 

0.09 


ARK 347 

16.29 

14.5 

13.75 

13.36 

13.10 

10.3 

2.83 

0.34 



ARP 102B 

17.31 

15.05 

14.06 

13.65 

13.37 

10.25 

8.47 

0.14 



ARP 151 

17.54 

16.01 

15.08 

14.69 

14.51 

9.71 

17.0 

0.21 



CGCG 031-072 

16.94 

15.30 

14.59 

14.19 

14.00 

10.27 

15.1 

0.17 



CGCG 046-033 

16.05 

14.90 

14.32 

14.00 

13.96 

10.18 

9.90 

0.03 

0.02 


CGCG 102-048 

16.81 

15.21 

14.38 

13.91 

13.6 

10.31 

2.46 

0.38 

0.06 


CGCG 122-055 

16.99 

15.01 

14.32 

13.96 

13.65 

9.94 

15.4 

0.41 



CGCG 198-020 

16.34 

14.49 

13.81 

13.39 

13.23 

10.38 

5.24 

0.31 



CGCG 300-062 

16.57 

15.17 

14.56 

14.20 

14.31 

9.9 

3.28 

0 

0.02 


CGCG 312-012 

16.35 

14.78 

13.97 

13.59 

13.34 

10.3 

1.94 

0.07 



CGCG 319-007 

18.11 

15.09 

14.35 

13.95 

13.75 

10.63 

4.20 

1.03 



CGCG 420-015 

15.75 

14.13 

13.43 

13.04 

12.71 

10.63 

3.37 

0.34 



CGCG 427-028 

16.42 

14.77 

13.93 

13.49 

13.25 

10.51 

3.69 

0.21 



ESO 490-IG026 

15.52 

13.45 

12.74 

12.27 

12.32 

10.67 

8.95 

0.31 



ESO 506-G027 

18 

14.78 

14.12 

13.14 

14.06 

9.84 

2.18 

0.62 

0.07 


ESO 511-G030 

14.20 

12.72 

11.93 

11.35 

11.11 

11.09 

7.31 

0.51 

0.02 


FAIRALL 272 

15.53 

14.67 

13.96 

13.57 

13.39 

10.08 

1.58 

0.21 



IC 0486 

15.34 

13.91 

13.21 

12.88 

12.64 

10.61 

2.35 

0 

0.03 


IC 0751 

15.44 

14.36 

13.71 

13.31 

13.07 

10.48 

4.65 

0.21 

0.08 


IC 2461 

16.79 

14.03 

13.36 

12.93 

12.60 

9.54 

0.53 

0.72 

0.09 


IC 2515 

15.69 

14.54 

13.85 

13.40 

13.15 

10.04 

3.73 

0.38 

0.09 


IC 4329A 

15.35 

13.24 

12.40 

11.83 

11.89 

10.53 

25.8 

0.27 

0.08 

Y 

KUG 1141+371 


15.69 

14.94 

14.54 

14.46 

10.19 

7.11 

0.14 



KUG 1208+386 


14.97 

14.31 

13.88 

13.59 

10.02 

23.3 

0.44 


Y 

LEDA 170194 

15.05 

14.35 

13.74 

13.40 

13.21 

10.59 

3.01 

0.92 

0.01 


LEDA 214543 

17.6 

15.29 

14.43 

14.05 

13.75 

10.35 

6.02 

0.62 



M106 

10.81 

8.74 

8.11 

7.775 

7.875 

9.95 

0.45 

0.21 

0.06 


MCG -01-05-047 

14.89 

13.45 

12.68 

12.2 

11.95 

10.5 

0.02 

0.44 

0.12 


MCG -01-13-025 

15.23 

13.80 

13.05 

12.68 

12.42 

10.23 

5.39 

0.17 



MCG -01-24-012 

16.22 

14.33 

13.66 

13.27 

13.12 

10.16 

3.83 

0.31 

0.04 


MCG -01-40-001 

14.63 

13.21 

12.56 

12.11 

12.09 

10.66 

2.53 

0.14 

0.06 


MCG -02-08-014 

17 

14.69 

13.9 

13.42 

13.12 

10.01 

4.74 

0.65 

0.11 


MCG -02-12-050 

15.32 

14.01 

13.39 

13.02 

12.87 

10.73 

8.09 

0.24 



MCG -03-34-064 

15.81 

13.65 

12.79 

12.37 

12.2 

10.43 

13.1 

0.44 



MCG -05-14-012 

15.01 

13.91 

13.28 

12.95 

12.76 

9.66 

9.63 

0.07 



MCG -05-23-016 

15.73 

14.01 

13.47 

12.72 

12.85 

9.56 

1.92 

0.38 



MCG +01-57-016 

15.88 

14.17 

13.58 

13.30 

13.23 

10.26 

16.7 

0.14 

0.01 


MCG +02-21-013 

16.11 

14.4 

13.68 

13.24 

13.07 

10.68 

0.73 

0.21 



MCG +04-06-043 

15.53 

14.96 

14.23 

14.07 

13.80 

10.3 

28.3 

0 

0.01 

Y 

MCG +04-22-042 

16.62 

14.78 

14.06 

13.61 

13.51 

10.49 

21.4 

0.31 

0.03 

Y 

MCG +04-48-002 
Continued on Next Page. . . 

15.08 

13.45 

12.7 

12.41 

12.22 

10.2 

1.11 

0.14 
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TABLE 4 - Continued 


Galaxy 

u 1 

mag 

9 

mag 

r 

mag 

i 

mag 

z 

mag 

log M » 2 
M 0 

PS r 3 

% 

E( 9 -r ) 4 

mag 

E (g — r) Incl. 

mag 

MCG +05-28-032 

16.52 

15.04 

14.23 

13.74 

13.44 

10.14 

1.07 

0.48 

0.04 

MCG +06-24-008 

15.7 

14.64 

13.97 

13.56 

13.28 

10.23 

1.83 

0.27 

0.08 

MCG +06-49-019 

15.37 

13.58 

12.82 

12.46 

12.30 

10.56 

4.52 

0.31 

0.03 

MCG +08-11-011 

14.41 

12.78 

12.04 

11.58 

11.42 

10.91 

21.2 

0.34 

0.02 

MCG +11-11-032 

19.09 

15.8 

14.89 

14.39 

14.06 

10.33 

4.13 

1.03 

0.05 

MCG+10-17-061 

14.98 

13.43 

12.86 

12.54 

12.33 

9.8 

2.48 

0.21 


Mrk 10 

15.30 

13.62 

12.97 

12.57 

12.49 

10.73 

4.92 

0.21 

0.05 

Mrk 1018 

16.59 

14.45 

13.65 

13.28 

13.06 

10.92 

21.6 

0.21 


Mrk 110 

17.19 

15.83 

15.20 

14.89 

14.80 

9.9 

24.6 

0 


Mrk 1210 

14.94 

13.97 

13.32 

13.03 

12.82 

9.89 

7.31 

0.31 


Mrk 1392 

16.07 

14.41 

13.80 

13.39 

13.05 

10.64 

19.5 

0.68 

0.04 

Mrk 1469 

16.88 

15.48 

14.64 

14.22 

13.95 

10.22 

8.79 

0.24 


Mrk 18 

15.19 

14.07 

13.44 

13.16 

12.87 

9.57 

8.95 

0.07 


Mrk 198 

16.03 

14.64 

14.02 

13.69 

13.45 

10.12 

2.83 

0.14 

0.01 

Mrk 268 

15.88 

14.58 

13.88 

13.49 

13.19 

10.64 

5.70 

0.17 


Mrk 279 

15.24 

14.48 

13.74 

13.35 

13.16 

10.49 

26.7 

0.31 


Mrk 348 

14.8 

13.29 

12.59 

12.1 

12.1 

10.33 

2.33 

0.14 

0 

Mrk 352 


14.94 

14.27 

13.92 

13.73 

9.65 

17.7 

0.14 


Mrk 417 

16.87 

15.32 

14.65 

14.27 

14.01 

10.2 

3.13 

0.31 


Mrk 463E 

15.58 

14.36 

14.04 

13.65 

13.55 

10.61 

5.24 

0.44 


Mrk 464 


16.92 

16.44 

16.15 

15.94 

9.67 

33.4 

0.31 


Mrk 477 

15.97 

14.78 

14.73 

14.45 

14.34 

9.87 

19.2 

0.24 


Mrk 50 

17.07 

15.41 

14.69 

14.32 

14.01 

9.9 

11.3 

0.27 


Mrk 520 

15.19 

14.14 

13.52 

13.18 

13.00 

10.4 

4.92 

0.14 

0.03 

Mrk 590 

15.76 

13.29 

12.66 

12.20 

12.13 

10.84 

3.40 

0.58 


Mrk 595 

16.07 

14.75 

14.07 

13.72 

13.50 

10.3 

19.2 

0.14 


Mrk 705 

15.17 

14.85 

14.22 

13.86 

13.57 

10.18 

22.4 

0.41 


Mrk 728 

17.99 

15.87 

15.19 

14.79 

14.42 

10.09 

16.2 

0.58 


Mrk 732 

15.15 

13.89 

13.33 

13.03 

12.85 

10.48 

7.37 

0.17 


Mrk 739E 

15.17 

14.12 

13.86 

13.16 

12.88 

10.47 

6.79 

0.68 


Mrk 766 

14.91 

13.50 

12.95 

12.59 

12.37 

10.02 

14.9 

0.31 

0.01 

Mrk 78 

16.56 

14.73 

14.28 

13.87 

13.68 

10.42 

0.11 

0.44 


Mrk 79 

15.02 

13.52 

12.81 

12.45 

12.14 

10.57 

21.6 

0.34 

0.01 

Mrk 817 

16.38 

14.61 

13.92 

13.61 

13.47 

10.41 

34.3 

0.07 

0.01 

Mrk 915 

15.63 

14.17 

13.43 

13.09 

12.86 

10.43 

6.42 

0 

0.06 

Mrk 926 

16.24 

14.66 

13.78 

13.45 

13.37 

10.82 

13.0 

0.14 

0.01 

NGC 0835 

13.91 

12.62 

11.94 

11.56 

11.31 

10.48 

1.51 

0.21 


NGC 1012 

12.78 

12.16 

11.72 

11.46 

11.24 

9.18 

0.11 

0.79 

0.04 

NGC 1052 

12.82 

11.14 

10.35 

9.924 

9.680 

10.35 

0.83 

0.27 


NGC 1142 

14.08 

13.13 

12.44 

12.08 

11.76 

10.93 

3.53 

1.03 


NGC 1194 

15.24 

13.19 

12.45 

12.00 

11.93 

10.32 

1.23 

0.38 


NGC 1275 

12.8 

11.7 

11.03 

10.65 

10.71 

10.94 

3.25 

0 


NGC 2110 

13.89 

11.25 

10.43 

10.01 

9.94 

10.63 

1.45 

0.68 


NGC 235A 

15 

13.71 

13.02 

12.64 

12.40 

10.49 

7.11 

0.21 


NGC 2885 

15.85 

14.26 

13.47 

13.03 

12.80 

10.56 

2.46 

0.31 

0.02 

NGC 2992 

13.59 

12.08 

11.37 

10.95 

10.71 

10.31 

0.00 

0.27 


NGC 3079 

11.91 

10.97 

10.34 

9.926 

9.703 

9.98 

0.09 

1.03 

0.11 

NGC 3081 

13.84 

12.19 

11.51 

11.07 

10.85 

10.31 

0.32 

0.34 

0.02 

NGC 3227 

13.49 

11.60 

10.76 

10.18 

9.965 

9.98 

7.11 

0.51 


NGC 3281 

14.59 

12.83 

12.41 

11.76 

11.24 

10.24 

0.20 

0.82 

0.04 

NGC 3516 

14.23 

12.22 

11.39 

10.93 

10.77 

10.46 

10.3 

0.44 


NGC 3718 

12.87 

11.11 

10.41 

9.990 

9.759 

9.98 

0.89 

0.34 

0.05 

NGC 3786 

13.85 

12.86 

12.20 

11.83 

11.40 

10.01 

6.19 

1.03 


NGC 4051 

12.04 

10.78 

10.26 

9.996 

9.847 

9.44 

4.09 

0 

0.02 

NGC 4102 

13.13 

11.45 

10.73 

10.32 

9.990 

9.68 

2.07 

0.38 

0.05 

NGC 4138 

13.35 

11.68 

10.97 

10.58 

10.40 

9.61 

0.77 

0.17 

0.03 

NGC 4235 

14.12 

12.12 

11.36 

10.93 

10.66 

10.36 

1.20 

0.44 

0.09 

NGC 4388 

12.64 

11.33 

10.72 

10.35 

10.04 

10.53 

0.03 

0.31 

0.1 

NGC 4395 

11.40 

10.52 

10.22 

10.08 

10.11 

8.28 

0.39 

0.03 

0.01 

NGC 452 

14.75 

13.38 

12.59 

12.15 

11.89 

10.48 

3.25 

0.27 

0.08 

NGC 4593 

14.48 

11.48 

10.74 

10.24 

10.09 

10.75 

2.35 

0.79 

0.02 

NGC 4686 

14.59 

13.01 

12.18 

11.75 

11.45 

10.68 

0.81 

0.24 


NGC 4992 

15.51 

13.9 

13.17 

12.70 

12.53 

10.64 

2.12 

0.27 


NGC 5106 

15.81 

14.21 

13.53 

13.13 

12.83 

10.59 

3.22 

0.34 


NGC 513 

14.74 

13.41 

12.74 

12.41 

12.13 

10.44 

4.83 

0.1 


NGC 5231 

15.33 

13.74 

13.03 

12.65 

12.42 

10.51 

3.94 

0.24 

0.04 

NGC 5252 


13.47 

12.73 

12.35 

11.95 

10.59 

1.67 

0.24 


NGC 5273 

14.72 

12.10 

11.38 

11.03 

10.77 

9.64 

1.75 

1.03 


NGC 5290 

13.41 

12.42 

11.65 

11.18 

10.96 

10.23 

1.24 

0.31 

0.08 

NGC 5506 

15.21 

12.39 

11.66 

11.24 

10.91 

10.02 

2.83 

0.75 


NGC 5548 

14.49 

13.08 

12.48 

12.09 

11.95 

10.46 

6.60 

0.24 

0.01 

NGC 5610 

14.71 

13.29 

12.71 

12.39 

12.09 

10.28 

1.58 

0.24 

0.07 

NGC 5674 

14.10 

13.13 

12.70 

12.35 

12.15 

10.57 

3.80 

0.51 

0 

NGC 5683 

16.66 

15.44 

14.73 

14.44 

14.25 

10.22 

23.5 

0.07 


NGC 5728 

13.69 

11.44 

10.73 

10.27 

10.05 

10.78 

0.60 

0.58 

0.03 

NGC 5899 
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13.56 

12.18 

11.47 

11.11 

10.84 

10.28 

2.37 

0.1 

0.05 


u 6 

Contam. 


Y 


Y 

Y 


Y 


Y 


Y 


Y 

Y 


Y 


griz 7 
Contam. 
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TABLE 4 - Continued 


Galaxy 

u 1 

9 

r 

i 

z 

log M * 2 

PS r 3 

E(g-r ) 4 

E (g - r) Incl. 5 

u 6 

griz 7 


mag 

mag 

mag 

mag 

mag 

M 0 

% 

mag 

mag 

Contam. 

Contam. 

NGC 5940 

16.23 

13.91 

13.47 

13.14 

13.16 

10.47 

11.0 

0.38 

0 



NGC 5995 

16.62 

15.42 

14.67 

14.38 

14.21 

9.89 

2.44 

0 




NGC 6240 

15.32 

13.11 

12.21 

11.66 

11.54 

11.03 

1.88 

0.55 




NGC 6814 

12.36 

11.05 

10.41 

10.01 

9.840 

10.3 

3.10 

0.27 

0 



NGC 7314 

12.28 

11.21 

10.61 

10.28 

10.10 

10.06 

0.38 

0.1 

0.05 



NGC 7319 

14.58 

13.5 

12.75 

12.37 

12.16 

10.61 

1.75 

0.17 




NGC 7469 

13.72 

12.95 

12.39 

11.86 

11.58 

10.49 

16.2 

1.03 




NGC 7603 

13.98 

13.28 

12.66 

12.19 

11.82 

10.94 

29.3 

0.75 


Y 


NGC 7679 

13.97 

12.94 

12.50 

12.31 

12.16 

10.17 

5.54 

0.03 

0.03 



NGC 7682 

14.95 

13.29 

12.57 

12.16 

11.91 

10.53 

1.21 

0.27 

0.01 



NGC 788 

14.28 

12.51 

11.75 

11.3 

11 

10.68 

1.70 

0.44 

0.02 



NGC 931 

14.63 

13.08 

12.51 

11.82 

11.55 

10.6 

27.0 

0.82 


Y 


NGC 973 

14.81 

12.95 

12.06 

11.44 

10.74 

10.84 

0.65 

1.03 

0.12 



NGC 985 

15.74 

14.07 

13.62 

13.19 

13.22 

10.71 

29.9 

0.17 


Y 


SBS 1301+540 

17.50 

15.87 

15.30 

14.88 

14.81 

9.79 

14.5 

0.17 

0.05 



UGC 02724 

16.77 

15.47 

15.02 

14.63 

14.63 

10.04 

3.53 

0.07 

0.03 



UGC 03142 

14.58 

12.52 

12.29 

12.03 

12.09 

10.21 

7.65 

0.17 

0.02 



UGC 03601 

16.01 

14.37 

13.67 

13.32 

13.10 

10.04 

6.85 

0.14 




UGC 03995A 

13.2 

12.69 

12.06 

11.70 

11.40 

10.57 

2.67 

0.96 

0.05 



UGC 05881 

15.66 

14.35 

13.62 

13.26 

13.05 

10.22 

2.75 

0.07 

0.06 



UGC 06527 NED03 

16.21 

14.68 

14.03 

13.69 

13.48 

10.22 

1.90 

0.14 




UGC 07064 

14.89 

13.7 

13.11 

12.72 

12.50 

10.54 

5.10 

0.34 

0.01 



UGC 08327 NED02 

16.79 

14.88 

14.09 

13.73 

13.47 

10.55 

5.59 

0.34 




UGC 11185 NED02 

16.34 

15.24 

14.6 

14.12 

13.85 

10.41 

2.2 

0.72 




UGC 12282 

14.67 

13.02 

12.11 

11.52 

11.33 

10.78 

1.06 

0.44 




UGC 12741 

15.48 

14.14 

13.49 

13.13 

12.96 

10.08 

1.16 

0.07 

0.08 



UM 614 

15.65 

15.83 

15.15 

14.82 

14.67 

9.99 

28.3 

0.07 


Y 


VII Zw 073 

16.19 

15.1 

14.58 

14.23 

14.08 

10.33 

2.35 

0.17 

0.01 



1RXS J045205. 0+493248 

14.55 

14.06 

13.69 

13.44 

13.50 

10.1 

39.8 



Y 

Y 

2MASX J03305218+0538253 

15.65 

15.46 

15.44 

15.04 

15.15 

10.02 

58.6 



Y 

Y 

2MASX ,111454045-1827149 

15.43 

15.00 

15.28 

14.31 

14.18 

10.04 

76.5 



Y 

Y 

3C 111.0 


15.57 

14.26 

13.96 

14.36 

10.03 

80.1 



Y 

Y 

3C 120 

15.23 

14.10 

13.55 

13.19 

13.21 

10.41 

48.3 



Y 

Y 

Ark 120 

13.99 

13.59 

13.21 

13.04 

12.84 

10.72 

52.4 



Y 

Y 

HB89 0241+622 

16.79 

15.94 

15.11 

14.46 

14.33 

10.4 

69.1 



Y 

Y 

IGR J21277+5656 


13.27 

13.21 

13.08 

13.27 

9.18 

40.9 



Y 

Y 

IRAS 04124-0803 

17.79 

16.03 

15.95 

15.45 

14.96 

9.8 

80.1 



Y 

Y 

IRAS 05218-1212 

16.44 

15.45 

14.71 

14.22 

14.20 

10.46 

50.5 



Y 

Y 

IRAS 05589+2828 


15.36 

14.87 

13.81 

13.42 

10.41 

81.6 



Y 

Y 

KAZ 320 

15.94 

15.20 

15.00 

15.07 

14.61 

9.7 

34.9 



Y 

Y 

LEDA 138501 


18.17 

19.56 

18.16 

18.35 

8.59 

99.0 



Y 

Y 

MRK 1044 

15.49 

14.54 

13.88 

13.52 

13.40 

9.88 

36.9 



Y 

Y 

Mrk 290 

18.37 

15.74 

15.19 

14.86 

14.71 

9.8 

52.9 



Y 

Y 

Mrk 335 

16.26 

15.34 

14.94 

14.89 

14.66 

9.47 

71.1 



Y 

Y 

Mrk 509 

14.91 

14.21 

13.77 

13.60 

13.26 

10.39 

56.4 



Y 

Y 

Mrk 704 

17.48 

15.04 

14.30 

13.78 

13.55 

10.34 

40.5 



Y 

Y 

Mrk 841 

16.55 

16.06 

15.45 

15.00 

15.02 

9.97 

82.4 



Y 

Y 

RX J2044. 0+2833 

15.28 

15.19 

14.64 

14.48 

14.50 

10.37 

48.3 



Y 

Y 

SDSS ,1104326.47+110524.2 

19.16 

17.31 

17.33 

16.80 

17.30 

8.65 

70.4 



Y 

Y 


0 This table is also available in its entirety as a supplementary 
file in ASCII format. 

1 Measured host galaxy Petrosian mag after subtraction of AGN 
contamination using GALFIT. In some cases the galaxy was not 
detected in the u band. 

2 We used the software KCORRECT JBlanton & Roweis!l2007D 
with the ugriz photometry to calculate the s tellar masses. This 
code uses the stellar population m odels of Bruzual & Chariot! 
(1 20031) and photoionization models of IKewlev et a 1.1 (120011) . 

3 The value of the percentage of AGN to total (AGN and galaxy) 
light in the r band. 

4 Estimated reddening correction for dust based on AGN host 


ugriz SED fitting using FAST dKriek et all 20091) with single-burst 
stellar population models. 

5 Estimated redd ening correction for spiral galaxies based on 
inclination following I Masters et al.l (120101) . 

6 We excluded the u photometry from this study because of 
the possibility of AGN contamination even after subtraction with 
GALFIT since %PS r > 20. 

7 We excluded the griz photometry and determination of M* 
from this study because of the possibility of AGN contamination 
even after subtraction with GALFIT. 
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Table 5 

Summary of Color Comparison 


log M* 

Type 

N 

Mean ( g — r ) 

P(K-S)% 1 

Mean ( u — r) 

P(K-S)% 

9.6 to 10 

BAT 

37 

0.62±0.15 


2.42+0.91 



Inactive 

23041 

0.63±0.15 

41 

2.03±0.43 

10 


SDSS AGN 

455 

0.72±0.10 

<0.01 

2.31+0.29 

36 

10 to 10.3 

BAT 

39 

0.68±0.12 


2.18±0.36 



Inactive 

7542 

0.76±0.12 

<0.01 

2.40+0.38 

<0.01 


SDSS AGN 

743 

0.76±0.09 

<0.01 

2.40+0.39 

<0.01 

10.3 to 10.6 

BAT 

39 

0.69±0.13 


2.26+0.57 



Inactive 

3108 

0.81±0.12 

<0.01 

2.56+0.22 

<0.01 


SDSS AGN 

397 

0.78±0.09 

<0.01 

2.48+0.28 

<0.01 

>10.6 

BAT 

39 

0.70+0.14 


2.23+0.67 



Inactive 

820 

0.81±0.04 

<0.01 

2.78+0.20 

<0.01 


SDSS AGN 

148 

0.83±0.07 

<0.01 

2.65+0.27 

<0.01 


1 Probability percentage from a Kolmogorov-Smirnov (K-S) test that the BAT colors are from the 
same parent population. 


Table 6 Summary of Morphological Properties 


Galaxy 

Rp 1 
n 

C 2 

R 90 /R 50 

Class 3 

b/a 4 Broad 5 

2MASX J00253292+6821442 

... 6 


M 

0.43 

2MASX J01064523+0638015 

12.8 

3.10 

S 

0.80 

2MASX J 03534246+3714077 

8.66 

3.03 

I 

0.56 

2MASX J 04440903+2813003 

30.8 

2.92 

I 

0.91 

2MASX J 05054575-2351139 

7.14 

3.37 

I 

0.87 

2MASX J 06411806+3249313 

9.11 

2.93 

M 

0.82 

2MASX J07595347+2323241 

15.7 

2.80 

S 

0.49 

2MASX J091 12999+4528060 

9.22 

2.90 

I 

0.70 

2MASX J12005792+0648226 

17.9 

3.30 

I 

0.55 

2MASX J16174158+0607100 

9.53 

2.83 

S 

0.25 

2MFGC 02280 

15.4 

2.99 

S 

0.21 

ARK 347 

11.2 

3.26 

I 

0.60 

ARP 102B 

12.1 

3.55 

E 

0.79 

CGCG 102-048 

10.5 

3.04 

S 

0.36 

CGCG 300-062 

14.0 

2.73 

S 

0.77 

CGCG 312-012 

8.52 

3.04 

E 

0.95 

CGCG 420-015 

13.7 

3.27 

E 

0.77 

CGCG 427-028 

14.6 

2.58 

I 

0.22 

ESO 506-G027 

44.9 

3.74 

S 

0.31 

FAIRALL 272 

18.6 

3.21 

M 

0.61 

IC 0486 

17.5 

3.04 

S 

0.65 

IC 0751 

16.9 

2.85 

S 

0.28 

IC 2461 

29.2 

3.00 

S 

0.22 

IC 2515 

16.6 

3.42 

S 

0.22 

LEDA 170194 

16.7 

2.66 

S 

0.90 

LED A 214543 

10.6 

3.13 

I 

0.87 

M106 

216. 

3.01 

S 

0.38 

MCG -01-05-047 

66.1 

2.87 

s 

0.13 

MCG -01-24-012 

27.9 

2.75 

s 

0.56 

MCG -01-40-001 

39.6 

2.65 

s 

0.34 

MCG -02-08-014 

11.9 

3.09 

s 

0.16 

MCG -02-12-050 

24.1 

2.88 

M/S 

0.89 

MCG -05-14-012 

15.6 

3.39 

M/I 

0.86 

MCG -05-23-016 

15.4 

3.26 

I 

0.45 

MCG +02-21-013 

22.0 

2.65 

I 

0.43 

MCG +04-48-002 

20.8 

2.73 

M/S 

0.36 

MCG +05-28-032 

12.9 

2.88 

s 

0.51 

MCG +06-24-008 

17 

2.44 

s 

0.26 

MCG +06-49-019 

18.4 

3.18 

S 

0.64 

MCG +11-11-032 

11.8 

3.02 

S 

0.45 

MCG+10-17-061 

8.52 

2.67 

I 

0.92 

Mrk 1210 

15.6 

2.93 

E 

0.86 

Mrk 18 

8.5 

3.15 

I 

0.15 

Mrk 198 

7.71 

3.31 

S 

0.86 

Mrk 268 

12.8 

3.31 

I 

0.45 

Mrk 348 

55.0 

3.19 

s 

0.97 

Mrk 417 

9.1 

3.18 

E 

0.77 


Continued on Next Page. . . 
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TABLE 6 - Continued 


Galaxy 

R P 1 

C 2 

Class 3 

b/a 4 

Broad 5 


// 

R90/R50 




Mrk 463E 

12.6 

2.24 

M 

0.41 


Mrk 477 

6.19 

2.56 

M 

0.71 


Mrk 732 

16.5 

3.17 

I 

0.87 


Mrk 78 



I 

0.61 


NGC 0835 

24.3 

2.99 

M/S 

0.45 


NGC 1012 

47.8 

2.57 

S 

0.51 


NGC 1052 

44.0 

3.06 

E 

0.56 


NGC 1142 

28.0 

2.87 

M 

0.48 


NGC 1194 

35.8 

3.22 

I 

0.47 


NGC 1275 

52.1 

3.02 

M 

0.74 


NGC 2110 

53.9 

3.35 

E 

0.74 


NGC 235A 

11.5 

3.09 

M 

0.52 


NGC 2992 

41.4 

3.09 

M 

0.30 


NGC 3079 

119. 

3.12 

S 

0.15 


NGC 3081 

41.8 

2.69 

S 

0.77 


NGC 3281 

70.4 

2.21 

S 

0.50 


NGC 3718 

106. 

2.65 

S 

0.42 


NGC 4102 

51.8 

2.60 

S 

0.41 


NGC 4388 

81.7 

3.13 

S 

0.18 


NGC 452 

23.6 

2.94 

S 

0.28 


NGC 4686 

21.4 

3.47 

I 

0.29 


NGC 4992 

19.8 

2.62 

I 

0.57 


NGC 5106 

14.2 

2.87 

M/S 

0.69 


NGC 513 

13.9 

2.27 

M/S 

0.51 


NGC 5231 

26.0 

2.44 

S 

0.51 


NGC 5252 

25.1 

3.20 

I 

0.56 


NGC 5290 

53.4 

2.86 

S 

0.27 


NGC 5506 

56.2 

2.30 

I 

0.23 


NGC 5610 

26.5 

2.32 

s 

0.33 


NGC 5728 

82.3 

2.58 

s 

0.57 


NGC 5899 

57.0 

2.60 

s 

0.43 


NGC 5995 

21.1 

3.43 

I 

0.32 


NGC 6240 

36.5 

2.95 

M 

0.51 


NGC 7319 



M/S 

0.55 


NGC 7682 

37.1 

2.78 

S 

0.89 


NGC 788 

31.7 

3.01 

S 

0.75 


NGC 973 



S 

0.14 


UGC 02724 

40.8 

1.87 

S 

0.65 


UGC 03995A 

45.2 

2.37 

S 

0.44 


UGC 05881 

10.6 

3.19 

S 

0.38 


UGC 06527 NED03 

7 

3.65 

M/S 

0.32 


UGC 07064 

20.7 

2.56 

S 

0.88 


UGC 08327 NED02 

18.0 

3.94 

M/S 

0.62 


UGC 11185 NED02 



M/S 

0.96 


UGC 12741 

13.6 

3.18 

S 

0.28 


2MASX J09043699+5536025 4.74 

3.56 

M 

0.61 

Y 

2MASX J21355399+4728217 • ■ • 


S 

0.18 

Y 

ARP 151 

4.94 

3.15 

M 

0.16 

Y 

CGCG 031-072 

10.5 

3.04 

I 

0.59 

Y 

CGCG 046-033 

11.3 

2.50 

S 

0.75 

Y 

CGCG 122-055 

12.9 

2.97 

I 

0.75 

Y 

CGCG 198-020 

20.6 

2.45 

I 

0.71 

Y 

CGCG 319-007 

12.2 

2.68 

I 

0.61 

Y 

ESO 490-IG026 

28.9 

3.59 

M 

0.68 

Y 

ESO 511-G030 

75.0 

3.34 

S 

0.70 

Y 

IC 4329A 



S 

0.27 

Y 

KAZ 320 

2.68 

2.76 

I 

0.79 

Y 

KUG 1141+371 

12.2 

2.67 

I 

0.87 

Y 

KUG 1208+386 

11.9 

3.26 

E 

0.94 

Y 

MCG -01-13-025 

16.8 

3.19 

E 

0.61 

Y 

MCG -03-34-064 

11.2 

3.37 

E 

0.81 

Y 

MCG +01-57-016 

7.12 

3.78 

S 

0.86 

Y 

MCG +04-06-043 

13.9 

2.91 

S 

0.92 

Y 

MCG +04-22-042 

15.2 

2.92 

s 

0.56 

Y 

MCG +08-11-011 

1.36 

2.47 

s 

0.70 

Y 

Mrk 10 

31.8 

2.64 

s 

0.41 

Y 

Mrk 1018 

11.1 

3.72 

M 

0.52 

Y 

Mrk 110 

4.64 

3.68 

M 

0.62 

Y 

Mrk 1392 

18.4 

3.04 

S 

0.51 

Y 

Mrk 1469 

8.82 

3.26 

I 

0.35 

Y 

Mrk 279 

19.0 

2.73 

M/S 

0.58 

Y 

Mrk 352 



I 

0.83 

Y 

Mrk 464 

2.6 

3.23 

I 

0.76 

Y 

Mrk 50 

8.03 

2.94 

E 

0.60 

Y 

Mrk 520 

15.0 

3.63 

S 

0.62 

Y 

Mrk 590 

29.3 

2.92 

M/S 

0.97 

Y 


Continued on Next Page. . . 
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TABLE 6 - Continued 


Galaxy 

R P 1 
n 

C 2 

R 90 /R 50 

Class 3 

cr 

s» 

4 ^ 

Broad 5 

Mrk 595 

7.2 

3.24 

M/E 

0.62 

Y 

Mrk 705 

5.14 

3.50 

I 

0.88 

Y 

Mrk 728 

7.08 

3.08 

E 

0.64 

Y 

Mrk 739E 

14.2 

2.18 

M/S 

0.87 

Y 

Mrk 766 

20.4 

2.78 

S 

0.78 

Y 

Mrk 79 

39.4 

2.49 

S 

0.90 

Y 

Mrk 817 

9.04 

3.42 

S 

0.87 

Y 

Mrk 915 

14.7 

2.97 

S 

0.35 

Y 

Mrk 926 

18.8 

2.87 

S 

0.82 

Y 

NGC 2885 

13.1 

3 

S 

0.69 

Y 

NGC 3227 

81 

2.52 

M/S 

0.56 

Y 

NGC 3516 



E 

0.77 

Y 

NGC 3786 

38.4 

2.68 

M/S 

0.59 

Y 

NGC 4051 



S 

0.68 

Y 

NGC 4138 

41.3 

2.59 

S 

0.65 

Y 

NGC 4235 

48.2 

3.29 

S 

0.22 

Y 

NGC 4395 



S 

0.83 

Y 

NGC 4593 

92.1 

2.38 

S 

0.74 

Y 

NGC 5273 

58.2 

2.26 

I 

0.92 

Y 

NGC 5548 

36.0 

3.25 

s 

0.87 

Y 

NGC 5674 

31.1 

1.70 

s 

0.92 

Y 

NGC 5683 

8.35 

3.23 

I 

0.52 

Y 

NGC 5940 

22.0 

2.11 

s 

0.98 

Y 

NGC 6814 

76.2 

2.31 

s 

0.93 

Y 

NGC 7314 

92.1 

2.38 

s 

0.45 

Y 

NGC 7469 

17.0 

3.29 

M/S 

0.72 

Y 

NGC 7603 

2.21 

2.78 

M/S 

0.65 

Y 

NGC 7679 

17.0 

3.29 

S 

0.64 

Y 

NGC 931 

48.6 

3.45 

M/S 

0.21 

Y 

NGC 985 

22.1 

3.20 

M 

0.71 

Y 

SBS 1301+540 

5.93 

3.11 

S 

0.42 

Y 

UGC 03142 

28.8 

2.00 

S 

0.78 

Y 

UGC 03601 

13.4 

3.02 

I 

0.74 

Y 

UGC 12282 

34.3 

3.08 

I 

0.27 

Y 

UM 614 

4.9 

3.44 

I 

0.51 

Y 

VII Zw 073 

7.36 

2.58 

s 

0.91 

Y 


0 This table is also available in its entirety as a supplementary 
file in ASCII format. 

1 The Petrosian radius was determined as the point 
when the Petrosian Ratio= fos^ ^ r ' 27rr , /(r / )/7r(1.25 2 — 

0.8 2 )r 2 )/(fg dr' 2nrl(r')/7rr 2 = 0.2. 

2 The concentration index is defined as the ratio of the radii 
containing 90 and 50 per cent of the Petrosian r-band galaxy light 
C = R 90 /R 50 . 

3 Galaxy Zoo Class where E stands for ellipticals, I, for inter- 
mediates, S, for spirals, and M for mergers/peculiars. For the Kitt 
Peak data, which has no Galaxy Zoo data, we use the Hubble 
Types from the RC3 with T = -6 to -4 corresponding to ellipticals, 
T = -3 to 0 to intermediates, T > 0 to spirals. 

4 We use the observed axial ratio ( a/b ) as a proxy for inclination. 


An a/b= 1 corresponds to a face-on galaxy. We use the g band and 
fit to the 25th mag arcsecond - 2 isophote. 

5 Whether the galaxy has a broad-line AGN based on SDSS 
galaxy class or the available optical spectra. While we excluded 
these broad- line measurements from the morphological analysis, 
we have provided them for completeness. We subtracted the AGN 
model for these galaxies before determining the Petrosian radius 
and concentration index. However, the difficulty of perfectly sub- 
tracting the AGN light distribution makes these values more un- 
certain. 

6 The Petrosian radius and concentration failed to converge. 
This happened more often for close mergers or in a broad-line AGN 
where the AGN was imperfectly subtracted. 


